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^JaLuiVl A-iic. IajI^- (jil-stS 4A_x_nla]l ^)Al^la ^ag-3 (jC- 1^~n 1 C. ^aJ3ii]l (jLuijVl (jt£ 

S^JaJjaill j Ig *ag $\ a3A £a JaLuIL 4o3a lj ^ja o3li^.lj 41 a S^ifl ^^3 13 j Ail V] xxill j 

iii]j (Jjauj ^3 t 1 gA.^Vuxil ^lill (JjLoj jll ^Jjl UJ^ 3 u' (J-^J -W^ ^I^ajjoiVI cl^j ^ gjlc- 

^jl (J^all (j^<aj3 M ^,\x^nbU *UJ1" Ijjj _dj\jjJalj^)]l ^A 4 

<_jA3 ^3 A.Jx>>\j^)]1 ^jAIAa!! ^jc. vlVixxA ^u] c-Iaj]! (J^.1 <_ja ^3 Aj^jaj]! 3 j a*.si 

^jA-x-ia AjL^^j aIx-oja (jxiWll Aa1_A &I 3 I tdiljx^Lj^]! di3c. V*ij's.j 4 ^jLaijyi 

^A'nwll 3jg ».ll ^Jl Ajxxi^^ll 3_j^c. ^Ij^aIIj e^.^ill Aj^joo]! _jjjoi 
^^1^^. (_)j3 ^^jVI S_jIixIia 1! l$lk.j Cj13j CiAjjJaLj^ll (jli llill Cli3_jj ^lill ^1 -g^IxaII Uxi^ji 

4 &I 3 I A_Xuiillj V* i'll ^ _Aj^)_x-aA]l j aAU\ L_a jx/t\ j 4 J^jjaII dll^Lja^. ^3 4 lj^3 ^JjxxiA'N 
o^)~n1 "iaII j ^g, ila.)^ 3x1 j 3l x^i^kll ^jaI^aj A3^)xa1 Aaa^j]! ^g‘il i*s ^3 4 1 g. ic. ^^^AC-V 

>>> lA^)JC>j c_j ji'sll £a 1jj-aj J^bg-11 j AjIaaII s-Lb ^3 I^aIaLIa! AiLjaVlj 4 ^jL^Iuaj 
A_*_ nia]l ^Ac. (jLAjVl ^UVixxil IaAac. ^£^jaj] 1 (jxiWll ^cj^Ij ^3 AajaL^. A_la^J dbl£ 3^1 

3aJ L-jlxxI'S ^Ik’uxll IaAJC. ^ Jj ^LaII (j^ll (j$& &JA (JjV ciilA Vl.W Ia^JJ _ 3JAJ O -0 

(jl.liA ^3 4 Cbl^Lja^lI Aaj 1^)11 Cbl^lx^Vi iVl liilA . ^JaLxill ^jc. 4 i^aC- ^3 4 A n^xxi 

tbilj 33j .A-^J^)jV^ S^jLxJa^Jlj ^l^blj A-blijJl S_jLja^Jl ^ja I^Aj 4 ClAu^Lj^llj 

Cy*^ 4^)jjj) < q.iUo > i ^jl£ b A_*_nIaJ AiLtliAll A_Luiii]l^ ^ Ic. ^3 

jli A.jxxi.ViA 3 jA^j J g-1 x>»q'l 1 jx^i-kl 33 4 ^)L£j a3*j 

L_i£ 1^^11 ^_JA g-lx^gli A xxl.Vlg.il Cblq 1JI3-1*1 l*-u1_J 33 4 o3*J 4 Jjljll C- 

3\jljV 1 g-lx^qll ^jc. Aj^)^ 3 ^jj\jxxi nl £_Aaj AJ3J13V1 A xxi.Vig.il (j2)Lk (j-°J 

^.xxa.Vlg.U n^jSll ^_ja Uj>^ ^.L-iaall ^11‘^ J S31 a11 j A^iUJl (.** I's. u^il tiil3jj _A_iAalj^) S^)j-x-aJ 

jl Aj31a 11 IgblAl-^jl ^_fl!>llikl >> > Uxi's.j A_alli^A A jAxxiIa CliU^laj _jj)g.)^ £a tiil3 (J^ 

.ClAjjJaL^)]! L-a jx/t\ j ^U1 AjLj AqxxiUll V3l_iiA ^)_£jl_IlSl jlS >>" ij"\ 4 AjjjA^UI 
AqxxiUll a^x^iT^a CliLiAalj^)]! A3^lc. 3aj ^ala 4 A’ij.wll jjx^ixll ^ 4 1_)^^ 4^)aV 1 *^3j 

A3^lc. A] Ia J£j ^'LaL^.VI ^Ic- j 3l X^13V1 ^alc. J Ajjjill ^.Ij jjall ^a A3^lc. Clil3 Cli3c^ (Jj Ja^3 
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^jj-al ^iia ^)L-alikljj - A-iluu]l ^ball ^jjJVixgII ja\\ l <aj\\ iJLg^JIj (jillj 

J£j*£*c. 41 

A_Luxla A ,Gg a clbl£j djLjjJaLj^H ^cj_jIj ^j±i Ajjj-aC. Ai^jtJl Clul£ ^J*g~> 

■ jjt^x.ll ^yic- i\ g, n'l^Jj S^jjljIlg]! j A_a£I^j1Lg] 1 A_it-alj^]l L_fljLt-Gll c-lb ajlc-j AJ jL^-g Cbl 

^Jajoill ^Ic. jq)^j U1 lila. Ij^axj lg-]jj-alj cjiLbJalj^)]! ^cj^jIj (jjfLiuj tI jj iA_Luiii]l fjjAik 
]\‘\'yu (jl ^A£j ,A_LgI£ 11 AjllxxllV I ^jC- 1-liAJj J^LgC-V] ^^3 1 (jj^ Clijlj)^\l £jLL 

_A qxxiUll ^j-g «b c^jL^jV ^aLg ^jl^j ^aLg ^ja t(Jlajjl A_IjL^g Aic. Abl ^llLa 

ALg tA_iiuJi]l J A_ia 1*JI ^lai]] ^."ig ~n j g CllLiiJalj^)]! ^cj_jIj AJjL^-g ^A L_lL£]l IAA 

4 ^Lg^] 1 (JjaiLoull ^yiC- ( *Qj$ xxili A_i>Jalj^)]l CllLlx-a^-xlll (_^a^)C. (j-G ( L^jIjIAj 

£a LgJajl^j jl£a*VI *» > n'ljj ^Ic. Jali^Jl [ Sf jl ^^^-A ibilj ^j-G AjUlIIj _Lg_ia ^jbulc. 

lAA c. t Uxi*sn A j'sj^Lill CIiIa^H AjuLLg £_£^)Ia]I ^^Ac. (Jg.xxijl ;Lbljj 4 lA_jj)g Ja 1 Ia3j 6 1 g.x«oa, t i 


^Jaxj o^)J j-aS djl^)ia ^a ^Jx^I^gII Clb-a^)C. A13 tiilj J\ A_aL-aVL . (J^«^ J-lx 


( (Jj^Iall ^g Ijj^)Aj cbajll 1 jja jj 4^Jjx.^l iHi ^a Uj*^ 6 lg ic- Ajal^ o^£a 

.(jLi^LM ji ^Lg-g Ai (3^11 

^^)la ^_a A_uj^Lui]1j aJJ g xxill ^>-g AjjKj Lg] ^.l^)i]l ^j-G A_^j^)joi A_Lg ."ijVuxnl S$j 

CllLiiJalj^)]! SjLg ^-uj^Aa! i ^j-aLk (J^xxij ( \^jj^Jxxi ^Aj .lg "i^g A_iiA*Jl c^l^aVl 

CIiL^-aI ^*A (j^j t AiClllAnialill j ClAj^Jalll ^g A_LG_»Jajj Lg] t 3..\. 13t ^ L_l^Ual] 
.lg al xxn^sL ^3-o^a ^jJJx>»Ij^)] 1 (JCbL^Jaill oLa aj-^j^Ij 

^i*jj i tjj-aa ij?\ &aA\ ^.jJa'uxij £_£^lill ^jl V) ^-1 <g^] 1 Jajl^!i]l ILa i^ja l^iklj 

c. Og.ll (jl^ lil L-a jj-a^. J ( tiilLj L_ic.^) I jj c Aq Uxi Lg ^Jj UJ*^ 4 An* ^ A j'sj^)Lj A jiq^ji 

(Jjx^nlVi ^a (JtAijx-GllJ AiuililL l^ja^lc.j CljLi>-alj^)]l ^u^Li ^^UaVi ^A 

.Al^j^)L a xg!1 Ajj_aL_alikV^ (^JjLulaII axJ 

v ^ r/i /10 

t_ a!j^g!I 
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(jjjll ^3 (jjJjJal-lJI Al ala ( _ s -alxJlj (_£j£a]| 3-aLalll J.a'S .a L-kl^xJ L-lx-a^all ^ya 
^<a>aj i JaUa ill laA (J.a'N.a .jJLiJl (jjll (J] 

_(J£ji]|j jlaLallj aaxJI i^£s a jja ^1& (J^uaVI (_ji Ju tldLuialjJlj 

e^lx_a ji A.aJL^a axj jJ "jjalLallj alac.VI J^C. (^jA" (Jj-a A -aJAlil dlljjJaljJI 1—SJjlxJ (jj 
jl^aj A ql’lA.all (.“lljidlj Jl ^-jjS (JJc. (Ja!ij jj Igji ^a 4&aLa]| oaA (jc. 
alaj (Jili. iJ'Stallj 4_La£]|j aaxJI ^aJAlLa (J*LaJjia]| dllJ-i->JSLa]| jUI elilial e^all 

dlljJaljJI ^aljLa jl La£ _ (_£^jJil]| JaLuiil] JjVl ^laVl Alaj AjlltalVI ^cjjlj jps e^^LJI 

jldYl jjJa (Jj 3 (jjlkjJI jjAi^La JI a jx j aa aLi^JI (ja <Jl£^ul ^^a 1 glJ-i-tJsLa (j£aj 
jl£j A-iajJl AjI jldVI ol-i^. (ja e j^£ AjIaJI ^^a djja!i dljjJaljJI ji aj Vj 

ikc.j Jjdj jl <JaJJ i Liajjali . *UaU A auAj$ 11 j i axl] L. iLm-sII jjJi ja tla lajj 1.1^ 
_j ■ *aall i^lla dl ■vl **■1 ll j^i J■ (J ^ AAiij dljjJaljJI Aailc. da-ja-al 

JaLdiaVlj A a&l alij^l 


J£l elJVI jJJ jjaalil] aIujij (JiLali t<j£aiJlj jlalallj aaxJI Jj tij Jajll dul£ AjIaJI J 
ji tlg-la Ji£j a^.1 j c_ua jjj JJil] tJAila t^aidii dul£ aaa _ AjI tllll lg_ia 
^ j^£ ^jaluiA^lj ^aall£ <_£ Jlall j^i JJjI] jj t c_ujVIj (JJI ^a-s^ t —^ 
^5jjlLa]l ji ) aAJA\\ laA (j-aj tAjUjjjll J*-« l—llxjluil ilo^Jjali ( jxi dlijlLall oaA (_j-a 

^dLuiaLiJl daljj JtJl alj (J’stlllj aaxJI ^^a 
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■ijc. blLaa 4 A m <a iallj ^gk AjLilll J] ejjj£ tilVLa. <^3 frLuiVl ^ dlli^UkVI jl 

Ijjli t4jlc.j is.la.lj isja_ui jjj jl 4 C-Jjjjj .ialj jjJa jJJ4 | A-lla3j Aalj c_uj jjj 
Ig ij i ^_ajj IjlAj 4 is.la.lj is ja >aj lalj jjJaj lalj c_ui Ijaj (^Ic. (Jlj 

(JjUl) isjlaj 4 (JjaVI dllc.jaa-all Jj jiai]| j£aJ 4-£jLLa AAljiaJj tl^Jjj|ia.j jAj 
ll^Aj. .. j^jiVL (jjilaJlj 4 jja.vilb jjlJl <HjlLa 4^LLa (JiLaJ £-|jjVl3 .(lajj J) lalj) 
.l^jaHll »jg qa ^Jj jaJ Ijaall 11*JI jj£-la Jj (Hill Ijlaall j& llxjl (Jj-aS 4_ljl^aj jli 


(JiLaJ 4ll*Jl ^^alj (^ill 4 dllfr jaa-a]| IgJ ^jibj ^j]| 4jljjaj]| A )-ia^La (jl 

(_jl jl) 1 g llxj A L_ia (jl jjii (jl Jbuiui*]l jaj ,4*j. wll dlL}jJaljj]| ja_] Pallia isjLia 
bajjlj lela. 4_J (jabuaVIj A} 4_ijj]| jl jA Jala_a]| (Jj .<- jLLi£L/l ll£J ^13 (Aam j (j^i-\.a 
i. <1 J.a'i’sl j»lAJ 4_alij jl£j 4 ^J-iSlI jLbiU (JjLjaaJI jjlVill ja isjjliJl ^LVI JJC. 

% <hiJaM Alui V • • • • • (jll Lojj ij*j (jill jUll jLbVI 


jl jA <LLjjaj Aaajjli 4-ilaC. (Jila ela. llxJI a jg 3a jjJaii jl ( _ s ^c. jj£I (Jlj Laaj 
ja i“na . £aaJlj ^Yiallj Ijiall lAlc.|jij ^3 ^lalLaJ AajUjJl jl dllilll (j>»» j 

^jJal j]l jaj 4 -lasa ^-aaJlj Ijiall lAlc.|jij ^3 ^lVui.n 4jJlaJI dllii]! ^Ja»a jl JaaiLall 
/'jjjS" lilli ^xj La Ij^)JJC.|j . JaSa Y ^la. ^*JI Ij^AaliujI lAa. ( _ s _a|j3]| LjlAa.1 jl 


lAjjJaJ (_£j| (_ 5 ^l 4 Ailll jA jljjall jc. jLuijVI l—iiLa.1 ^3 ^)iiij]| >■**l4\j La JJ^I jl 
^l3jVI jc- jjixlll jl j£jA]| jpij . Jjj><ill (_ 5 -iJalj j >]| jj < sa'ill jj^Ja >al >ai (JSLL 

jjj£j (J^joii ojjia-a (JllLa^ilc. A 3a.al jj jjjxjII jV 4 dlLal£]lj Ig 1 C. jjjxjII (jiui ojLjoVL 

.LS _>=*■' j J* J c 5 ' (alialall (ja 
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(j£-aJj 4 AAxJl jjaILJ] 1 g *n)*>3M j& <xl]| j_^]aj ^llj (jk^jJa (j-a <jl£ A3j 

&AA Lld-il ^ {Ji** A xJj3 ^gi Aj'nxiII ^Jl A.W*\I (j-a Axlll JjLq ia^. jU (jl 
S.LAaC-1 ^lAalLujI jl ^)±Ad]| AJajoil^ (jL^aaJl (J^Ja (_)jAj 3 AAl^ll fiAA ^9 L_b^aJj 

e pl^)illj ^aAII (J!lg ^uLill ^jot^J! I 

(j-0 ^xlALLa]| (Jj-a3 (jLudjVI ^jWuxlJ ^£J (jjuxlll L-fl^l ^)J^)-G (j-G AjV U^J 

. ClaljjJalj^)!] 4 A_ijIaJ! ^^^(jjaxuVl Ajj* >/i _jg hj (_£a!I ^)>aVl to j j oA.W^II 


© 


. Jl ■* <v i^n 


(jc- ^-nxll] A 7k\ "^\Ij jj)x.A‘iIl ^Ja AjIASJ! A_i3 LaJ Ixjoi j-a j Li^. AAxll ^__^Lo ^ u^il (jl Axj 

£jlu-ali t Jafl9 Ajj-a^) AjJ AJajailA jIaJI ^9 c*11a ^Ja LaJ^jj 4 La (j£jaA ^LlAoVI (j-al_^ 

Jn^ti (j^-al (jjAJ! £jL-al cJ^-^- Cy& .^Liujl ® C5^ ••• ^ 4 ^ bLLa aJ! 

»1 x>ic.i j)£j ^aJ LaAjc.j 4^ * C5^ *^*^1 (j^l (jj*.Vi\lJ (jjAdl! £jU-al (j-aj * 

4 CllLa ^Ia^J-ujV ^jLudVI LaJ Lajj IA AC- ^}j£l ^JJAlLa (jC- A_i9l£ 

J lV'\l ^Ia^JjujI J # aJI £jL-al AAc. ^_x> LlAjLoj Ajou^. jpa I^Jlq (j£ 4_fllj^ll 4 Ia^jjc. jl 

^)AaxJ aIjj 1 i<ah» ^ jl ^Aj 4A_i^.^J ; iJl AiAx-all A >jVi V) (jLaijVI -^ c ' 

jAjj (jl£ 4 Ajj>>iIj^ 11 ^)Jai]| A^^j (j-aj j£l j . (jj^'V^ll Jaluc.J (jjAJ! ^jL-al 

/fiA^l^l! aJ! Clbaj jl ^L^al cJj^l (jLuiJ^U (jl 41_1 ujLLq 


(jLuijVI ^AklLujI cillAl _C1 iLq,^Lla 1| JaAaJ AjIA£JI Add L^j A u*iLLq Jl diLij£ (jSj jJ 
m ^\ J-i» ll jl ^gx^«JI ( _ S J £ ' AxuiljalijVl di^lj-yj.i.n UIj^. 1 ^liJI 

jxlaC. LjSli^jiujjfLijij ^3 JlllLa -^J -iSJ . JJaJl Vj I^A j_ 5 ^- ^JaaJl oiA ^v-fl (_JJJ ^J 
V > JjVI ^ajJaJ l^jjjlmlui J_g5 ° ° CS^I (J^^. 1 AaLa JJj >✓» L_uiJ 

^ t~- ja^q ^a ^jjjlxalxail ^jJjlA ^}-a I » ]a3 \ ^ AjUJIj I x l J,a 
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0 


(Jjj-aVl 


^ Ljjaj 4-lui V * * * * ^ (jjj-all jpi 4_g_jLLa dlljLjjJ Lull dlL-^aj La£ .4 m-a'S 

o^£a A J^-J (ji OW- iSJ ^I (_iLjjj£VI lAA (JiLa . (4_1 uj \ * * * * Ajxj ) jjj| j jpsj 
.dijl^a.ll ji (j^lx-all ^I^ILjjIj (JlalLa]| j]jiVill ^A3 j]| (_j-q j»Aai AAxJI 

aUaill (ji -li^.jLl » oyjk~k.A dlLAjS (JSajL dlA^.j ^j\\ LlLlij dlljLiVI eAA j)A 
j}A C—lljliaVI (—lxj-^all jps (jfL 4 jl1]| Jlyyyi (j£]j _ A .all iVI ^Aai \a jA Axil ^-ml .a^ll 
(jVl la-a jL j^j3 .(_ gy^i\ A*JI 4 .ali ll ^Ic. A*-J Ltd jjjij (_£A1I Axil (_gj>a»ll j»Uai]| 
J I V (j& ^JJX-j V (jaj VLLa3 tI • AA*JI lilla ^3 ^»^aa_i A*J| (ji jallxll L* ll» 1 ^j-a-s ^3j 
aAa (jLauVI LgA3 ^AVLuI < <Ll^jiaj 5dLjo <L£^jx_a Ajuj (j^lj . I * + ^ -A Lajjj ^ + ‘^ + '1” 
(jjui» ll ^al.La llL) t_ij^)x_<ill Jl3e_ll JLJI ^LlaJl ^-Ij (Jj-ajJ i <Luil_j^ AaLaj 4_jLuilj 


j»JJ jJ ;lgjLlAjj dlLljJalj^)]| (J y^ai (Jya. I bjjjS ^Aluii lilUgd ^A3J La J] 5iLiaj 
(J j\a. (jc. 4 jL^.VLj -laJU^jl CllLuAalj j )ll jjg-li (ji aAlc. (jAajjLall jpi _ ig ic. L_llj^Jl 
(jJajjSl Aa] _(_J^i.i V (jAajJSJ dlljl ^JamaII 4_uiljA j£lj .(jLutjjU 4-jLax ll (."'I-nI ~vll 
diVi VI-»VI ^jia . <AjJia3l (jLpVI <LgJL AJiaVIc. (Jjli. jjA j»a£i ^ jLmaJl^ a*JI (ja (ji 

Axil (jl£ LaJ^jj _(jjjt-a p(jx yAkka ^3 ^aLlalj^U (jj£^jLLall a A j^gJaluili 
4_l^.jjj .al.iC.VI ^lujul Aj^aI l^gj (jl£ LaJjj _5JL^J| eiA (JiLal Lag_a 


_duj^ill Jj ^ya. jJ>llj J^AaII Jj A^)Lall yyliA C n-s 

i^IIAj ? A . kSlQ I' ^1 i 'L .'*>■ I' f 'I j. >*' j^jll 5 _iIaJ LaiLkjjl (jl^ Lag_ll t—ij^x-all yAC. jpi (j^lj 

A*Jj Ja33 ejji.VI ^'-Lji t_iVi 4luill (JVLi.j _5jLi£ll ^ljli.1 <_)j3 dljlS aALall eAA AjIAj jjV 
_4jLSS (J£Li j ojL£ai XaJaj (ji (jLaijVI piJalml (jj nail (j^iLa AlLal Ag -n 
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dl mVI a*J ^ya 1 ^ jfllmj jjl Lille. £tJjLi]| <_Jj9 La j J ^jc. LiiLa_jl*-a (J£j 
(j^sjll (JaljC. J 1 C. (ddlc. jl5VI t—lljja^.j (jijlilLl Ailaia dldaljj9l ^^Ic. 4jll<all 

.dljLdLuwJI jJc. (Jild (_j-a Lull dL-*aj ^^lillj 

Jjj ^ d^)gJi o^Lall (jl (Jji]| <_$j|j ^gS I^J 4 m.1 Ig ll (Jj-al (jl djJljjjA (_£JJ 

4 QiLi ^ (jLl ^ L>, ,.jl .J^ (_£ ^jldaldl dj lLiL^Luia]| i. iLoiaJ 4_^l_aJI 

4 ■ adig II J_)9LaJI <dil£ (Jaudl jja 4_iS*_all ^ d ‘sll 
jjl jji.stl\\ jj! Llic.Lia!Ljili9 (I -ag jKjl ) (jjjlA (_$da.l 4*\>.-» (jC ^)laj]| (jd* J j 

_49j*_a]| ^1 4 -n! -yll (ja (Jjlallj pljill (ja (Jjlall tilLaJ ^jlS ^dall (jLdVI 

L»^ Ud l 4_la^.^La ^~^f~- 1 l l ^ ^ A ..-. s, d \1 J La 43L I — ~y ~ i ) ~~~* ^ ,Q 1 4—^ iLa ^ ^ 

4-ild l _ s lc. (Jjli ) 4jLLj jl ^)laljj ( _ £ Jc. ^jld 4 _ic.|^)A]| 4jm.Vig II <_JI£jLV|j 4-iia-Lail 

. (4-JjVl 4mlig 11 

slalial ^ ^c-Ljjj .i^jj V ^cjjLi]| (Jj 9 La jldl Lg_ia Ic. ^^Lll 4 (q^ll (Ja.1 ^a 

4jj^)x-a]| dla^ai]! Jl ijii ys^ Jj_j-«jj Lp"O^" 0 O'® 4 dlludlj^ll JjIaJ j\j| 
(JLaaJl 4jtlaJ ojja-d jja 4jtjlj ^cJjLi]| (Jj 3 La jjLoijV 4 je.|^)A]| ^jk j]| jjl 

djVLai^.1 dlljA (j^J . (4-oiij Jj]| jJjJaLlj LjLl^.i ^ g *aq~l !■_ A. UabU) 

^cjLnll Jjjj _4ajL^.jj L-AajJ^ djjl£ t j|^C.Vl cJl-a IgJiLa t 4 >a.1 Ig 11 CLLIOj jA lAd^.i 
(__j-a l jxujlj 4ij^)a-a]| ^j.at>» Ai^JI ^^9 c‘~ l,Kj (JL^_a]| ILa ^^9 

J£L^J|j aAj^A\ «.Ll ^ 49jjj djliilt da .jj Llua. "Sulvasutras (rule of god) 
(JjjjI daaJI 4-ajJiall dll^Lda^JI ^a 4sj^all^ ^11 dlLa^Lt-all _(JjjLaIi]|^ 

jjc. 4 >«ll dlLajl*_all (_paxj J] 4jLdaVL ^^9 4 j1Aj]|j 4-jjt^i.all 

;^9 dll jLajj dlljl daaJI oLa (J£l j .(Jl>»all ILa ^^9 4_iAi^Jlj 4-Ld-aJI (jjjjLd^JI 
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A ,j dlLLaaJlj • 

C1jjjC.I!u3 • 



4-Aj£]| ^1-IaJL-J jjc. £cjU j\ (Jj 3 4_ialVl dljiali 


lA_jiijj (JS-igJIj ^jl*_a]|j djjjjll jjjjA^uill a^isll oiA ^3 , (jJbt-allj 

Je. Clp£\\ jyjjj A^jaVI Ij^lalj t4 jm.Vift (j^jJaj j_^lj jj%^i £•! 

L— iLIjS (Jji oiA (jj£li ^3j 4 ^Lsi IjjjS (jjfui jjJ aJ (jl £"\ j]j/i 

J1/|< ^3 4jIj£]| (_Jj 3 dl^.j jjj£j (ji jpij 4 £cJjlj]| ^3 

jliLa3 dlljJjiJl ^ ■ nj j nxiili jljxl* jj 4 ■ >»j» ^ (jj^g-iJl (jiA-a ^AJaLall dulS 

(j-u laiIj 4^ j YYY^ - YYV1) ( tjh»II (jjc.jLjj Sj-iij 4(jjjJlSVi jjc. 

liA (JjLi. (j-aj .4—IjiJl (_gi Jau)jiall Jl 4 (J^udll ^3 4 (_}jjli jpi 4_lj Jal^la] 

J3j jlV i (j-a clUj 4_i^)xj | (jj.ialjl ^3 'ij\ i.>»->ll jLuojl 

(_jjJ]|j (jjJj_jjij?lj (jJJJjA*-3l (_Jj-a i-^J3 4 ql’i-s-a (jj i^)C.Vj LS^J^-i aljlj jc. dl^la. 


4x. j .a -s .al IjlA (j^J 4 ^ (J J-uJI j) (jJ-SSl Jl (J I jalulc (jjl (jj-}jl.ii^lj 

JjljJj 4 _Aj£1I j (■_ luaj (jj-lfil Jl (_£j|j (_ 5 ^ A mil >1.a aAalj a J iS aa J_jaj (j-° £laJ 

J JVI O^Aj .(_)>!.atail dlaj jl (jljaVl (_j5 4~ , iqq-N jjall (j-a J jl <_jAj . J_J^Vl 

^aj?l jpi Jj^i) (ji-a^i ^>^4 (jxaaJ 4 \ g >>^1 ( _ s -lc. dlliaL^. 

dLaJ J3j . (■'*'ljj.>»lj^)]| 1 ^j 9 LaJ (jjJ3l^)]| (_J^lj 6 _j\ j.>»-> (jc. J^\ \ il» -N 
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dl» al-N dli&A (_£ji-tlj IjlA . jj^dtll jjall ja (_g-ilj]| £Jjll LS^ _$1Y I jil 

^Jaj Igia j Jl^c. jps) dLLi£]| ojlA (_j-q r jl O . . « « ^,|c. LjjliLdii daj]j£ 

^1 lg.d jLi !^g^\ 4-lilJa]| ^1 jlVl ja dLu ( _ s -lc. jj.}al^)]| (_£.alj ^ JjVl dLAj£ll 

(J) j eLa ^|(JiLa * 4_d^a ^Jl <L]Li^]| dL » dl3^ll Id idjda 4_lui O * * « 

jdaia.1 da (Jalij jj...n'i jj-a^l <dil£ UajjAij t<vl£j]| ^^jju Lyd'd^ *•. m^jj j j^ 
dl jldVI (jl JjL . jjdl£VI tjJaiu eliji Jaia dl]j]| ^1 44-j>a _jdl 4 ! jxj jdlVI 

. jjjlAJI Al ^^Ic. ldjl£ ( dd-ab^l ^ 4 jjdljll (_£j|j 4.ag <allj Vqi'q-kll 



Lllj& jail clUj £a Idsljjj 4 4_d V • • • Jja (Jjjll (_£.alj ^ <C.|jj]| d^)gJi 

dAlall jaj . ^>d]|j 4JVI jJJ ^-L-a jjlLaJ ^4_ic.|^)A]|) c*ljlall (jl (j C. jjjjljI] 4-1 jl->a^l 

jjdljll .aiLj jiaa (^a didxll jal^adilj 4 _Aj^ 1I J^-alj L " daljllI Id 

jdaJ V lillLlj 4 j In ill jl J)-a^)ll ^g3 liljUda _jA La ( _ s -lc. <_|Ai La J J^-J d& ja (»E. j }]Ij 
. jjdljll ^ 4-iLi£]| Jja y^a ^ dAa.j d 4 -Aj£ 1I jj£j jl ^^iill 

4Jtill j£lj ^giolc. jj-^JI >. L-njll <iliii.l ^Jj 4 A*j L»ja 4 dlijJl ojlnimll d^i dlj 

L L-n j \I £a ^jljjJl i. dajll 4_ijlLaJ 4 Adj JLI-L. ja » didiSI AjLiIc.jjj^JI 

J j^-j ay3 (JUlId i ^ ) A < < ^Ic. ^ jjJdld ^gd^all lillij ^la ^aj _ jjj^JI 

(_gi ^ jjuLLJI dl jldj jjjjt.n.all dl jldj j C. ( tKli d_jauj . jiaa ^ jjjllL 

dial I J^all 
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U ijn^all (_£33*JI ^1 Jaj]| jjc. ^UaaJI du_j£ 3a] 

— f iS ’'■ * * ^ J*■ lW^' L5* C5^' jVI J . f (J ^ * * ^l_yv. 

v ^ 4 ^ ^ Vq ^ ^ A AQ i n\^ l* i ** M _ ^JjJ^JjoJ L Q^ i n\ aq\ 1 

^ '-w V ■a^Xa ^_ya^. jj^»J dlLuialj^)]| ^^3 ^£j| jlaol (JdlLajla-a 
i } * (_jjA_kjiVI ^ jxaJI c_l^)t>»ll ^aliaj I j^. s ;-\1^-J *4Jjl * n'vll **■! A a* I'j JaJl © 

oAaC.1 ^2 \ • (_Jj3 l—Ujj l"nv tc_UnL^JI £■jUL (3^*^° ^Uaill jjlaj (jl cU^I 

AjjJiaJl jjju’sll ^I'l-v'lj.i.ilj i uLiVL^JI ; -.)-i».a ^ tA-Xj\ j.mv 1I dlULaaJI el^^-l J .Ajxulj 

^j]) dl^/L^l] ll jnjall 4 j3-i-v 1| ^J>1» I (jjallj^all (J^. ; 4 j^T\1l 31lV-lj*-«Jl © 

J AiLtiLall 4_1 Luia]| cilli CS - ^ t^jjJJt^i.all Ig-^Jlc. 

jjVl (j-« S/L^a ^ . jjVl (_ps V £ ( _ s Jc. (Jj-na^j (jjaJall S/Ll^-a 0 * (JjlS'' 1 |4jLui»a 

?(jj^Ja]| ^jns i&/\ « (JjlLa ji.^vs’i 
JjaL^u dliljj J}& y *• ** Laa. <_Ja. ' ■ 3ijl I^jaJlc. 33j 

(lJ ’3 4 Q . -. i--. i 4 ^ .1 a t i.'i' j '>.' ^ 

|(ji IjLa i*nv sjjljJI jjjjiu^a]! ^dlc. i^LuiXt^J) ^Jlxa (3) 

^>Iaa]| (JllLal V = o^)j|3]| 

.lillj i. <11*^ L_ij^)a_<i JJC. (j^J ~7~~- (■_ lUu-s t jjjlji..r j »ll t—ijc. 33J 

; AjjVI Alj\}n.all ^3-v~ij.nl jj 3^JI ;4j»j^jall jjdaJl © 



I 


CjUjuII 


(x + y) 2 = x 2 + 2xy + y 2 

.(LJLa. jJjjjIAaII ^3 ^aJJjlc. ^l.iijajil A g jl >a.a ^A j) 

(■"'1‘i.a Sic. (Jj9 iLjjjC.Ijj 9 4-i^lij] ^ m.liA (j^-A^B i^.jJ I LjjjC'lluS Ajjlu @ 

dulS (j)j 4 j^3*ii 1I eilAj .(ClLoLiJI ^ (_j ^jj nail Lb° 

. Jjjia l>° 3^ *— 1 IJJC'^JL^ (Jj3 I—LaXklailj dlSjE. iS 4 l2LjjC.l!ua 


A « a i mu K.bdUl 


(f C3 ^ * * * ) g-^JtJl __)gi ( _ s Jc. lLj^)gJa ( lLlL}jJalj j )]| lg-l9 jg Ja!i ^S) 4_iAiA oj\ .>1^. ^aiisi 

g a.B\l gJiLl]| 4_tUaJ S^)Jj£ BjiLa BjlLal i^.V tLaAl^ill A ig^ g 4^3^La i L. ■ B 

La J^Lia]| (Jj 3 J^igJl Ig -nIIc. dllc.^a]| _<LjLajlx-al] 


Li.i^.j .il.iC.Vl eiA L>^ .B-liigJI il.iC.Vl ^aliVLaV (J^_uia £cjj\j i^.jj V (^ 

iigJl Ijjjjji i39 . (f ii ^ ^ (_5^3 (jajjil^a3l tjiaa 'j ^,Ic 4_ijjlla 

^ii^ail lb*^^*' 1 " l>° H.!^ iS^y^z- j»3Jajj ilic.VI ^il£ L) 2, ^JL^la 

^jJI A-jAaaj La ^aliVual ^-a ^ Jl 3 qa ^alijiU aiji^. iLaJC.| _jA iJ-i^JI (j^ 

L)C. (LLl^.1 (jJ 3 ^ ) ^Bj^X-J j>35jVI oiA ^ai-LLal ^aJj]| L)^jj . Bi*Jl ^3 ^a9^)]| <U^)iaJ 

^ 4 liuiuJ \ .ajl-ic. lilLuSI (■_ iLmaJl ^alc. L>° (_£^ ^aliaj]| liA ^^9 (JjaxJIj 4JaLaij]| 

^aj9jj]| jalioj 4—ljaJl jjia i3j _Bji3lj3lj B-algJl dlliLLuSVI ^Ljj LB^ i (JjVl ^alLall 

^Jj j La^ (Jia-a]| ^a\Jaj]| lilA (Jlj ^aJ (■"n-s (_£.iigj| 

(■_ 'La^t Bjqj’s I j9jc. 4 ^cjjIj]| <_)j 9 j^^-aliall L)3 iLi^lj-vi.a'ill Lbb < 4ii^ ig 3t (2) 

Aij^ia J >u 3 ql_jaji]| ^ (■"n-s AigJI tillLSj _ <Laila]| (LjI» L>»/ill 
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xljJa (J-1c. cilli .Axj Is.1^^,1 A jjaall jLiic.1 (Jili. (jx ajjl-lil £jjjj] 
.Ji — S.0883 :u> ^HiLuiVI j»JJ iliJUj J^u£]l £y& p a a a Ajaxal jj £JJa1| 

jaLis L^jJalj cSlli jjI j^jj uj^ > ajill Alo djjjtljja 2 ijki ^Jj |jh jj jjSUiLj 

.^jIjlaJI olijj jjjIjSJl ^jIa-o 

jU-ai! Iaa AigJI oLalc. j£_aolj t^AJbuj jjjjljjil <_jja jj^JI -5ji^-ll t_jajc.:jAaJl @ 


‘(Bhaskara j>y '^ 8 _UU) I jlSLaLj (Brahmagupta ? sj ^ ^ A ) I^jcLiaI jj 

£-a AliiS- : ~-^ djjlS jSij) 2_i]Laillj 4.1 ^.ja]I jjjlLail ^Ic. lUlljLutJl ^a (JjVl (JjiIjiJ 
l_fijxj (LIiVaIjlxJI jlaxj £^aj AjxjjjjII jjA^JI ^Idil (J-alauj (Ja33 jiaaall 

AjUlajJ^ll all V Al*aallj ajJl 



^ajLill Jja La dlLuJalj^jll l^auLaui ^lo al^Ja ^Jiil ^alLoall ^ )Ja*j a L-V' a LA (1) 
aJja La dlLuialj^ll . 'LL 1 aj^ . AjljJ £a allljJ AjLuAalj^)]! jl Ja @ 

TjLaajVI 

. ^ * Jo 4aiH-a Jo AalVil jLaojVI ^'.-ILaV ^alLall ajAaaJ kaol @ 

aUlLa-laJl aA aHil ^>Lt.j ^LajA^l jA Ji Vazli^jj A.aa.Vig.11 j Jaa ^2o l^jjjij ^jjlVl J-alall jA La (5) 

JajLl^a. ^aaaj ?atijllj A-IajJ^jall 

^$j]l ^al J J . J a l l ^ajjll jA ai^ ^ S/ji as^Ajll jLaojVl A.A^kL' a£A^ as^Jl^ J»aVill ^A La (|) 

" .adjij Jlo ?AoLaJt f t 
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£■1 jlVl I—sVLj tilll t jl.ic.Vlj i—li^)a.VU (jjj^yi_5_—ill 4-iLi£ Aij^Ja (jjjlAjll ^jjj 

_4jij|^ij ^jjljj^ta. (jojlj3 Ig.lj I (jxJ ( J» (_3 1 "I * * -1 A • • 1 ^Ijj^a. .ifrC. (j^a 
j£j ^ijliall ^Uaill ( _ s -ifi !■_ iu» Lai .(jiaJI till! ^3 4-liii ill ^iiLill Jail ^Uaj 
^j^lj 4_i£la (,_ iLujjV ^-uilj—ll j j La 11 al L ill ^a Ja lla. ^jc- jjlaJ LaJ^)la tt—flj^}a-a JJC- 

OJJJ^ j|jc.| ( _ s -lc. A-a—iall (JjiLl 1 • JJall (jj£ ^J.'l (—iLiiil 0 jjg I'll VI .al-J JJ^VI 

4-a-iilj 0 ^^-L l_LiuSI ^.nlmll J»l_lai]| jli jl£ La^-a _ £cll O t £ 4 V 4 Y (JLa 4-al& 
_lj|j jli (jiLaj jpijll dlj^lj ^3 Ijl>1»a |j& LiajJ j_plc.j 

l "Uaui 1 g£]j JjVI j^J (JjL 4,‘ni.aj 4_ililj]| j - 0 A'iSl jjjil jli (_£jlj ®jL—aa. jl 

(Jj£ll j£^Jj _ j15Lia]| (_Jj 3 1 « • Y • • « jpi ojjill ^ jjjLLlI ojlnlm !■_ IU 11 J tilljS 

i _ s ^- '‘I'Ll .all (j* . jjablill 4 iq-sll tilli ^g3 3 jxj dLijJalj j )]| ^3 Ajfljaall dll jLaLVI (j) 
t4jl.au 11J 4_LaJill aliaHj (jLlii (JlLiia 4 11a-a ( _ £ lc. dj-alial l_g_j| 4_ilj\_ill dLuialj j )]| 
ji (J^ll 4-alc. 4Ai^)Ja W jj ^la 4c- jiLa j oj-ii (JjLuia dlallfr lg.il j^i ^c.jlLij 
jjjiiSJ j£^tj Vj . ^ljjl 3 duij dl_uialj^)ll ojlA jIjI jl jj c. _ (jjAl^jill ^ al-iLa 

.Igl ; -.gJC .jj 4_}liL]| dLuialj j }]| ^^Ic. ^gC.lMlal Jjij jjoiLiJjH (_£jlL*ll ^liuVI 

^ _ Uijlill t. <1 ks-i jli j ^Ull t. j\\ 4jjlLa (JliLa. ^a 4 _iLIj]| 4illl os- 1^)5 dbaJ 

^jji.aijljlj t"ll»-N 4jjlLall ojlA . LjL.nll tillall dljL—aliV ( (» tJ 1 * * ) 
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<i]]| of.\ j3 i. (Rawlinson) 

c lj]Vl jJ ^jSoill) 'UU\ 

.(Plimpton 323 5<jj LuaJ l 

j 3 j j\ .> 1 ^. 4 _a 3 (jjjLLJI 

ta (_3 C V0 ^Ic. ^ 3 j ( _ 5 lc. 

(_(Aj l " iLi'q ,^ ^ V - A 4_luj ^9 

IgJajiudJ C Ig.'i ll j 3j ^gi 

.(jjLLLJI 5jjj3al^iaj 

jjl jl <Lal L/j . 3^.1 J (jl ^^3 4_La£ljjj 4_li.|jLLa 5j^)2dl]| aj\ jjj 

JaI ; -»g ml 3alj _ A<lu La 33 (jj£j UJ - ^ Jy-aLall ^LuVIj H C5 C, -3i 

5 j^jl ■ aaj| A 1» t 1ill I^a33j o j-lalLa j 531x3 <LaALaus 5_ljLaijVI 0jL_aa^3l ^3 31 ^jjjLa 

C_l^)i3] A 1* tall o3& JSj ^^3 jj3j I U3^)*Jlj jjlj jj]l (J!La jaA3xJ (_j-o3 



© 


> / , /U x A 


1 


g i* ^*-ldal j-<Jl &A& ^ dll <jl£j ^jJ 

<jl£ ^ ^jjjLUl! ^LuaI (Y<J£joi) ^^LUll Cu^tJ (^ 

!3a^ ^iij _ L_ i** t\*t a\I ^JiLo L-jLui^J dul^j 

^ixida (J£J L_3^)dai 4-jl C5^ (J^dll 4_^.Laua ^Uad 

^ * (j! Ijjiiol 1 g -ftJ L_lLuia. 4_lLoua I^aJlc. La£ _ (jdLliLa 
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II 


(jjjLLJI dsl jl^jl 





(jt L-aajI \jk)C. J3j jliqll (JliLal 3 — (_£jLau S ijIjII 

8 ' 

<Lajl9 4-ijlj e^)j|j i. ia-aj ^g3 *LajajjAj| Ajjl^ll 

(jjjl& (JjJIj (ji o3a 

(_g^Lam<a]l ^jllI) ^ (jjJulJI (j-o j»lc. i—ill J*J 


^^J| U-aJ1/V\ j (c_lJ l^kll Ajla j ks-1,^ ^aj^Jl IJJ3 cillj 4iLjaVl-J 

A ’ix >ii JUIIjj A ■a~>^» 4- 'I m*s Ij3jc.j Irsll ^1^)11 ^aj^Jl 4—ij^)*-a]l 


<iui 1 • • • (Jj 3 4(jj-aJaVl <_Jj 5 (j-o 4 dijjclii diajc. jdij^jcliuS Ajjlaj ® 


dlLuilaJ J J^-J ,4_jSj^)x_a JJC. ts Aj-aVI l& jJb-a-a (j£]j l—IJjE.ljj3 qa 

4^iJ£^i ^>iaj| ) (> j 1 V * « Jj*j aJuLII £■!jlVl ^^Ic. (_g nltull jiUajllj ilijjilija 

; 4j^lxJl clwi*s Ijj Ajjjjc.ll}illj t. tii/il ; jl.3c.Vl (j^ 1 (jc, y, z) <jl l-* 1 ' 0 


2,2 2 
x + y =z 


JSj j|jc.bu u nx.^MI jJ^JIj ^^jtjjjjll jJ^JLj jjJjUll ^»jaI J 4 j».UjUll JjJaJl @ 

(jjjjl A^AJua ^^x-iJjjll jJ^II jLajj ^ A i-al -*>.11 ->gT<h^3a jjl£ 

j| ^JJ o^aj 4(jlijjj ^l o^a (_jj*J ^j\\ ^Ai^Ul oJA _^5_;jI^)£j]|^ 

.jjaiLLJI ^Ijlkl jj-a ^ (_jA 4 ajJC. 


©_ 


1 o 1 ■ 


4 _iLo£> </* ^ ’w’unl ^j£Jj ill l" W‘uiil LaJj) 4_lLl_! dA iLxC- 4 Q 

(jUjoj (j-Q ULi^j ^3^)11 ^-9j cillil l^laJ >C5 jjJjoJ! ^Uaill *l.laJLudlj S.viae x> L_3jjJa 
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0 


** ■ 


t^_mjai]| ^Llajl 1 ^^ ' d, .1 — “i dd 4 1_C- >u ^_S J A a ll ^Lla-ill 1 j-a-lkdjl j 

4x.LjJI o-vli.'l 4_j| ■>']jj]l liA dljj-a (jx _ O ^ jjji j|.ic.jU t 1 « (j^LuaVI ( _ s ^c. 

<2wjJ VI « ^1 S^jUlj 4jjlj l * ^1 4ij3^]lj 4ijSJ 1 * J) 

Jj-aj3l 4 KA d oiA (J^J ? ^ jpa j^a^)]| <■ ajV 4 K* d^Ja j£]j 

|LaA (jjj^J ^l.'lVual ^^Ic. LuAla 


T = 1 , < = 10 

j3j ^dlla i dljauc. i 4jj^a dljld djljj 1 * AAY JJuill jjc. j;;«~ill bliLoS 

: J\$\ jisii 

TTT T <<TT = 3, 1, 22 

= 3(60) 2 +1 x (60)' + 22(60)° 

= 10800 + 60 + 22 = 10882 

;JV■*VI tbliLa l J.i*j| 4 _jIj£ jj£xJ 4_j| Laic. 

«" ’ n - :i 

djc. LajS 'IaISJ (jjJAJI ^ ^liajllj dl \\ . ,'dl 4 jjjt, ^C.^)]lj 

(JJJC’VI 4JJA4C. ^ySsLjaJ (JLa_a]l IjlA ^ (jl (Jjail (j£xJ ( _ 5 Ja. Ju LajS 

dj/^lx-a (jdxjj 4jjlj]|j ^jVl 4-^.J.ill dj/^l-Jt-a (JI j3jC. J&3 _ 4 j.m. 1 Ig ll 

(JiLa _4jjg -N.all 4 _ia£1] ^AJ ^^4^ jl diV^lst-a jl jj-aj (_^V _jlaj3l 4 j31jJI 4-^ 

aJja.all agjl <' ■ i'-n. -igllr-Lm Lajj j£lj . ' a d L . '* 1 -^jj 4 jdi Jjg aj| ai& 

.(^^jiaJl elajj/lj 44^)4^11 4» u^ill l_iLjj£V 4jt>»lj^)]| 


o 


44 

a x 1 1 
C*4 M I 


jji (_j-a ^c.j\Vj Jj 3 4_ijlj]| 4ja]VI ^ JJg tall (JjL I J+ 

i 4jtJ^a (jjii (jl (jl Vj ^-4^)414 ^^>4^1 a4c.li (jl (jjJJ jl-jj/l eLalc. (j>»« I 
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II 


ell 


Ljajl ^ * _J fi^C-Lall ^JjJa (J^lal jLuia ^^}Jl ^l£i_jl (j! 

(Ji v;\ : j^l^. <1 £-uj A3 ji Jj« Jjjl jia A Q* j^Su ^ Jj]| jb 

_jl j 4 J^b/JI (Jj3 £ "l • ^»lc. idljJlj jj& ^LjjJl ^ j 4-b-aj La£ ^ jLaJl i_ya 

_ (_Jj 3 £ V A ^alc. (jj jilt <_Jj 3 (jx a^yLaSi J&u (j£Ij ^ _jj]l 

I^JjLs iaa.ib l'~' n^> ^Jjla (J£bij (Jj^J I(jjJjbSI (ji ^ j3VI (j-a 

nxnxl '. Jj^' (3?^' 'Al 

(n -1) x (n - 7) x 1 l 3^A=A1 u!^ 

2x2x1 JJa.Vl Jj 3 (jjlkJI ^a. 

lxlxl (JjUall UJ^^J 

7 2 +2 2 +... + (n-/) 2 +n 2 UJ^J 

|(_SiLa jja3 !■_ J^_j3VI ^gAc. Jaa.!>lj JAi^all 

l 2 +2 2 + ... + 10 2 . 

.A (jjJj ^ * ^gA (jjjljAa JJC. jj! ( _ s -a-jJ J3 IjlAj 

ClijAa. 4 ^jj (_g-iill aI^Luj (JjL elb jl (jjj^jll jkxji j_gi 

AJLaJl t>jlA ^g3 _ (b_iaJI ^ <vLmjd]l (Jjj-ajJl ji, <vlij jpi l—SJl^Al jlj i jlijla]l 

AjjlalLa ^ ^ I-iaM ^gj]| <lulull (jt Uaa. Ij.vi'ic.l J3 aLibl jjfL 



ckW Pji 



^)jc.j tjnj]r\ 4 La~> (Ja. aJUua .Aalxkll (jjaLUll ^tllc. ^ 

;A1a^JI o2lA (Ja. Mia IjC-Ualuil i ^jjlila^. 

x 8 +x 6 y 2 = ( 320000) 2 
xy = 1200 

■ X = 40, y = 30, J* AlaaJI eiA Ja jt 
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)1 jl j ^ja (Jfll AAC. ^K1 ljA^.1 UK (jjaLUll C_fl 


V^” J-^-^ C-j L ja ^l (2) 


fi^A ^Aadml^ SIxUaII AiiAlUj Aj^)j (_£All _jAiilU JH *U.jU-U ^z„} ^jll-l'U ^] 1 jL«ojj dn*vj i>t IaKAj 
<ja AjA^. 1 Ak ^ ^jJ (aUUIaII jj-c AjA^. O Ak ^ J~2 AlauV 


;Jjllall ( JaaIuU 4 — luAJ e_Ujj (_£ j2iC. AAC- Jj 1; 12,15, 26 (^ gAjluJ l A Axil (Jjjldl @ 

1 ; 12 , 15,26 = 1 • (« 60 )> + 12 ( 60) 1 + 15 ( 60)' 2 + 26 { 60)' 3 «... 

^•J*v<.^->11 AAxll (jaj (Jx^a^ll AJajaiall Al^-alill duAVu*)'^ Aj^>j ^^^jll AJ^jlall es^] U.jU> ^uUll *». luiad 
^(J^Ua £ L-l^sl ^gil (jaj^jLa^ ^jjj^dc. jjjAAc. ^1\ (jjdVI (jAlijlmll (jjAAxll (jl (jjj . ^^)jaKH j 

;^U£ 

i ; ; 15 , 30 , 20 « 0.25843 
2 ) 1 , 2 , 18 , 10,8 « 6230281 

IaAA^. 1 ^xida (J^Jaj ^ * * * jA (jaxJ^A (^gA^LuiA ^ja>a ;AA:VI A^ttJAall AuLUll aJU»la 1I (J^j L &K (^) 
.Ia^Ia (J£ ^xida (JjJa A^jl # ^)^.VI £J^)a 1I ^xida (J^U ^alj j)A ) * _j (Jiil 

* , V * Ajjla A^aC- | A.,ill'll I aJLaaII ^A <2j_jjcUu 3 Aj^Iaj l^aS jj.il-U.ll ^JaxIuiI SAall aJIaVI jA^) 
I JaJl (JaSU ?(_gJjjuill AjaU. d_K^)di ^Ka . * , 1 * jIaUj Uixll A.'lal^k diiiljjl . jIa^. IjAjaC. AIuia 

SjLall ojjIaII jUa L jb^ai A^jl ;UliVI aJUuaII d i.Kj ,? Luijx*i M AAjaj^aII AaLUll ^ljlVl AU ^ic.(^) 
?aJL_ua1I gAA *■ . l*j£* j ^ * ; A£. vldal (Jl jJal d ill a ^ja jjj jA 

jA ^IxUaII Axaja.^11 ^ AA^)xa ^gil ^jjaiidll (Jj-ajli (^ 

(J_^La £ ;oAc.\a!I \\? Ia\^ , (J^d — ^.l^'^.ll ^aI^II 

jA (jl^ ^-lij^VI h t ^ SAc.Hall 

rj^ v = h^{t + t/2) 

? 4,^11 A (. ** 1 jJJ L Q ^ 
(jl ^jjjLUll ^jc. (§) 

l 2 + 2 2 +...+ (it — lY + n 2 = —n(n — l\2n + 1) 

6 

A.xu*oll fiAA A-^_la 3 ^ic. (jA^)d L \f\ m ^jaAja^l^)' jA Ax-ix^all eAA ^_jlc. ^jA^)J ^ja (JjI (j^lj 

dll A JaLu^jl jA Iaj ? ^cil _ _ _ ^jjluall ^^jaxII ^jlxlll Axil A, a Ja ‘il A^.Ia 1 I ^A Iaj Ajl^ill Ia ( 9 ) 

^^jjxA .aUaal ^jIajII jjLuiiVI ^jLu^Ij 

(>5 ic. I_jjl^ dll.S^j i A-dla AjjI_ j SjjIa L ^a <a^ja^a1I A.jJ^j^aII AjjI^^ U' 

t Ig.jlc. ^jlA^)fll ^Ic. } * * * ^-JaAJ ^jl LS^ - U 1 ^ I^1 -a 1 .dJjjC-llia Aj^IxIj ^-jIj ^!)Ual 

? dijjoliua jl ^jaIIj Jja ^ja 4 UK jl Uj 
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III 



- 


L^a jj ^CllA.1VI c)^ 0^ ) CllLliJalj^)!] J tLiLoils t ^Iic.1 

^j^lj .^llaLoalj Cllilj^ ^ja LaJ Aj^)j«£ia]| ^jjjoj) £jJaj ^ja ^A ^}j-saA 4 (j! 

l" i j. W ji c A-ujAi^Jl Lx-a4 dAjjJalj^)]! LaIa 2aJJ^)l -V^ ClljJlj^jjA l_La^Jj 

i^Jaljjaill CllL^LaiA <LaIjJ A-^.L^Jl Clj^Ja i**n«\ cjdil! 

C^lli Jjj ^Jc- ^2aJ il-AjJ VI © L_J IjC-UalLajI cilli j!>U. ^JA j 

.A-ilL^Jl AjjaJl (jC- Jais ^ajJl £J^)J (J^ iS^} 

L-a jx*a2kj dlljJ^)i]! ^A A a ^a^ia dAjjJalj^) ^jC- liliLa ^1x_a] Aa^ ^]| U^ 

A3j .^(J*)A^1 AjA^aj Ljajl L-A^yu Aiij AjA^jj JSjujja AjA^aj (jlliSj^>x-<Jl 

Alaj <a^.jj (jC- -U^Si Ia£ — U Jjaj CL&3 ^gjJl Ajqjld jjj^JI AJlUIj \'\f& 

A jqjlc. AS^xa ^JJ A_ijUjj| AJlIII Ai^>xA CliAl i**n^k ^ 

A3 j _A_3^)j-aLA]| ^,^1x11 ^jC. CjIa_^1*-a ^ic. (_£ CjLa jJ! ^ i Cn^i\ i** vV qQ Aii] 

.'w* ^3 L-a j jl oALsa La AjVIAa (^A^J ^3 LajJ Jaj)^ a t. ^ m'n. *i l_u£ 

&AA A_1aAI l^£^)Aj j| (jjA AjAjJl ^jVLaXJ-ujV ClAjA^jJl IjaA^JjojI t 

Ajjjaull SjLja^jl ^cjjIj diljA^>Jl 
^ja A_illc, A_^.^)A i** \x \) A_3^-aLAll CllLiiJalj^)!! ^jl ^£^a!I ^j-a3 CIiLa^LlaII A^-*jj ^C.^)11 j 
^ja lAAiiujjj ^a!^)AVI ^jAk^i L^jJalj cilli # (Jj-1a 1I jkAa ^cj^jIj -AIa 
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.A-ujaL^jJI »jlaJU IsuJj LaLal) dlliji ^»La]j V j} Lg-3 (J-lfuJ V (__}jj\-iail ^^9 A9J 

^^a]| iaj A_^.j.a (4-*-j|^}]| e^auVI ) j3ji. j>^)A elij tiLLa 11"UC.jj A9 a]| Clae.ll 

cliJI (JLaC.1 Jl Ig La Aj^j-alll C llm.'l* ll ^L-a J] l—ljisl ^A ij ^9 Ajj* >.-» 

^iLaj ^9 lA jE.lj-^aj <iUj]| jja Alllij ^£jIAj£j Ijhq^t Ajj£ J J^-J A-a JjaljJ u' ^ Vj 


4jn,Q Ig II 


i 4 _^_iLki-a 3 J j dlLAjai^^ (JjLuiaj 


I jl-aiMn.n jji (jjJ jj-a 1 g 1~\j A,3-iJmill Aj^i^JI dlV^lx-all (_paxj ^uaj (j* LaJ^. IjVs.a’1 .99 j 
La jIaj lilli !jf. (J£i V <uiLiu taj^. I ^Iaj cilli lW^ jj^^)]| 

jj]| IgXaxluU cilli (^AljJaJ dllj^i ji dlVI j»I^>aV| eUg ^ 



Moscow) j* ^jj Jlii 

f^'jj] pM (jlJ ->j*j (Papyrus 

o^A ^^yiui\ .99 j _ ^ ^ 1 Ao» 

.9^.1 ( j^i i—kujJIjj] jc. A_!U.j]| 

La^L^ a ^ 

'_1a ^-a^ ^ ^ A H Y - ^al_c- , _a ^ a 

4 j «\. t ~~ n l 

A3Uj-a ^I.V»CumI (J i ) i AjLuiAll - Lajj - ejljj LAjj^I iAJL^ia ^ A A9jj]| oj\A ^gS -9^j 

I^^A aJLuiaII o 9A j i ^)gjl £-^.9^. ~T* "* *■: jLmaJ AA199 
dljl£j Cl AjJaJa (Jjia Ixj^)^ j»jg-3l £*.9a. (_^9 ^Umll o^c.ll]| dul£ lij ; ) i AjLubftll 
; jA ^>->11 jla h ja^^-51 &.'^' ^Lalijl iJ^j b A »1>>» <_)jJa IjU II o^c.Hll 



jLwj^ AjJjj 




Ill 


IjlaJl 


V = —[a 2 +ab + b 2 ) . 

3 V ’ 

<UL^£j » I JjC- a$ i*s\j oi& (Jj jj (_Jajj l_kj£ t S jjx-a1\ jjc. (j^i 

J AjJiC.l9 4 -\1 ju^a cUj el.i^. Jj (_^jLjoj ^jgJI (jl i ( jj — 0 LaAic.j) IJ A j^al -s 

,4x.lijjl 

^lalijVI Jj oJic.ll]| 3-ij-s.,a Joij (jj jj 3" n-s i f (j \ *1 • • ^Ic. ^>j£VI Jj >isl 
Ja^ll sIjjlaj ji aa*JI I Jjc. (jjjji.^».ajl (jl IJ J*j V I^a jjj V, I £ LjJj 

5i^a_a Jc. (Jjj IJi. J dj|^a3lj dlLaljAVI ej (jl .(<1 4_UjJj <Laj3 ljJLaJC.1 Jj) 

cjl JIl a£^>^. lllljJL ojjjS 



(JjV ^LftJI jAjj j f M H (_£^LoiJ Ax i*^ j ~'' J a (j£Li]j i l_&l LiJ (j£LiI m 

JiLa Lii£]j ajliC. (_jj Jia jps Lidl jj aSj Uc.La.mi If- Jj^jc 

jljjl ial ^ic. 4_1 a^J1 o 3A Cllj^Ja 3<i] J^jAj (j! l^)l^)A 

jjjlLol <lj)g -N.Q 4 _:a£ ^"um ^A (_)j L_l^jtj]l Cllljj-al ^ja \jjj-a CiJ Ulj . 4j3 jjj Cli3 jc- 

tAxxi.vi^ll Ajjj-^aII ^JLuiaII a3A (jc. jm'ill (j^AJj ##> 1^1 AjjLuia X !cJ^^ <allk-o 


33 ^Aj ? X 4-aj3 ^A Ia 3 ^ ^ ^gJj <_$jLuu 4jt-ixjij X ^J) <Q ? 1<Q u 1 ^ ^] ! 4 jlL 

• AjLujIjaJI L_L^.jJJ ^Illl ^jc. A Kxxl.pl 


x + x/7 =79 

^3 (1)^-4 33^ .(AjJjjJall ^ ^ y ^ _^_ U^9"*"L9 

^j^lj <jj-u 6 £ * * * 1 a JAC-t .4 xxlVl Ljl^^Jl ^\\ Aj3jj]1 
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^^A ajjill o^A jl .vfixj ) ^ (j ^ ® jA 1 g x *aOj c> Jj' 

(_£Ai]j_j^jal ^)^lj (Jj 9 jja lAjl^aa ^aJ dlLuialj^l] Ia^. Aal& Aiijj (_jAj )^)t.-aa ^^9 l_LajJ 

t. LsAiall Jj l^c.Uj ) AoA ^alc. ^ (Jaj]| ^JaLa ^^Jc. ojjaaaa SaL ^ ( Aiij l£^y&') 
Aijj 4 jAjj jajaL ’ ‘ '-j' c_a^)*j iAUa] j) AjjiaaSI l ba-ia ^ jjVI <_^Aj f ^ A*l © ^alt ^^jUaJ^jll 


l^TTFIfe Tiu^^iy vi -i'M 
, 3 " iut-«uwi.-,U'„i.u 

U i3'».“ - 

Ui.ijin '- *- A-'st-kS.te 1 
It ,• i}K.^m tuw 
"•■«> I -*=U1UX4—alal 

-u3"T.. Q z * lJL ''*--~»*±‘Z.i 
tmz^- 

S ^-UA.,7l,l.ij;^l) 

aj/b»o 4^ i '-f ■ ninwK^-r 
«K.Ui-.«- \. ,«i|ul.vi.^». 513 ^-iUi.ai 


(Rhind Papyrus) 

(jAa^xJlj ^aA9 ^ A 4jA^)l]| Jjja ^ljj 

t_L-aj tljL^a ^Ic. A^lj ^aA9 

La (_J£ jjc. ej^Sj pLuaVI ^ja-s 1 (jjj9A 
(J5L '—bc A cj^. ya jA 

jja 4 LaLu C 5 ^J tbaalijl 


sf~ ‘i- iti „ . , , < V1 , .. „ ... „ 

4;. > «Sa7siiM’^L- vttfcikJsiiwtlUwt 

*- ra dli ( Schaum fJ i) <LA. 

U^’**-* .jlajjl 

; iLia L$j 9 ^ j^jiaa _jA La ^jat>» iya 
. J)C.La ^ £ \ \ » • « j 1 X • « • • jjc. dlLajLiaJ ,_]■>■ • 

l—kaaaj jl (J^ia *Lii] (b_l^ia]| ) ^)-s->ll ^ja Lla^il ^£, • 

^ja tc.ja-sa ^alaJaV Lla^il ^ak]| jja ^ • 

V IaJUC. (_J£ iblL^jj V aAic. (_I^-J I ^>a ^)aVI Vj • 

Ajc. A ■>.'■>. A ^3 CLU.La.A V ^a^Lt J£ Ajc. 
? ^ V ^3 V • C—ljjJaJ L_klS ;bLia3 l^laja3j aIac.^/ 1 *■. '^J 1 4Aj^jia Lbaji blljA • 
?4 ~i-L aaa La ^ o^jiaa (Ja^. ; LluiAlA VLia 4jA^)j]| oAA ^^9 Lbajj • 

• ^ y lA^)Ja9 <■ c - SjjIaII t^.Laa L—llaa^J ) 4_LVI tiaaaall I^aAaJLuil i_SA£Jj 


(jaa^t AjJjj 
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ijM 


III 


A = (4/3 ) V 

4_UJjSJ -LaJSJ H AA*JI IjS^jC. ^g-il lilli (ja 

k ~ (4/3 ) 4 ~ 3.16 


© 



Jc. Aajjlj jAj (4 lui © • • • Ala (JaVl (^ c ') dlLaljAVI j»A 3 LajAii A|ac.VI j»Uaj (jl£ A] 
_J£ „ LaS _ aliAl (JjA^JI ^£. JoJ La£ a j.A \\ (_£ j3j A ill 


: rm j yvi (jc- jjjar'jll Ai^)la A n\ -s.j 


I 

n 

J5> 

I 

G 


% 

tn>£r\) (?\) 

(Hlfrl ifii 

ODD ODD (n 

mi 

J+>J+>J£> 
-S>_@LS> 
ia nn 

1 

1 o 

1 oo 

1 ooo 

1 oooo 

1 ooooo 

io 6 

Egyptian numeral hieroglyphs 

276 

-4622 


t- (jLoul! jl ^jj^jll jl JijoaVI jl ^Jc«Vl (3^ ) i(jl a )^^^IaI1 ^j£ajj 

<jU£ 1 ^liLa # jLolJ! ^Ja ^ic-VI I^ju (jl L-iLot^Jl 4_1L^. ^j^aII ^Ja 4 ^a 

V Y * ) t ^3^)1! 

32014 = 3(l 0) 4 + 2(7 Oj + 10 1 +4 

t—ljjJa (jlS A3j _ AlAc.VI ( _ s -1c. £JjVI (AllLjLaaJl I j^aAilLuil A ill lAg-ij 

4_j L_lj^pAaAl 4 a 1 j ^ j L_lj^pAaAl 4 or-,1 , >» ^ AlAcVI 

(jc. Ij^jJC. jjl AilJ 4jA^)J Ja^.iLl AIAC.VI i^£- dlLlLaaJl ^ Jj -LaLjaVIi 

\b2±A ij-fi (J’Stull . 4 Ai-sAl eA^J j]| jji.3s I i 2/3 I^C. t jji .All 

2/9 = 1/6 + 1/18 
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0 


IJlA (JiAi. jpi liA (JlLaJ (j£aj CS^° • .IxJ Loj3 -^J 

(_s^- 1 aa . (James Sylvester ? 1 A*W_^ A ^ £) j auiWa o**&- u* jj Jlj+JI 

;AjjVI Aj j >iaj]l 4i^a 

A qll-Aall aJl^.1 j\\ jjui£ jja £■ ja^-a J) (_Jjaj fcj 77 1-iuaj ^ui£ (j£ 

•aj?$\ -Luiajail (Paul Erdos ^ 1V') j) JjU £+iaj .iiu+dl liA gjj 

^Jc. <a]i=»_a (Jjij 4/n jjji n> 4 IS]; A-ix^aj2 

A >.srt\ -All dlVl^ll jj^ 1 * j V] (jVI Q A^)±i jd 4u>»jall oi& 




11 

1 
5 

2 
L 


a >£23, b) 1111 , c) 21434 : ?Ajja-aa]l AijlalL A^yi jIjc-VI i_iiSj ui£ ® 


59 

59+ 

118+ 

236 

472+ 

649 


-SjJ La£ jjjjauaall u_iju_uaj 5 ^ j \ ^ a 1.1a. L-jlu-ual (^ 

.^Ijlt ojLuiL Aj j . u -ua. i l ll.lc.yi u C na tuJjljall jj-laJl 

; Aj j—oall AjjjJa.lL jjjjM jjAlxll l_jju2a 1 u. u A 
a )22 x 63 , b )1359 x 2578 ? 


ijljoll jjjjauaall -iaa.y ( A.^l'iuall olaljll j j - uS Ajauljj i o/c juuSll jc jj a.'lll 


, 5 „ 3 

1 < < 2 , > 
3 5 

4/253, 3/7, 13/14, 


1 3 16-5 1 3_i J_ 

2 ’ 5 2~ 10 10’ 5~ 2 10 

;o.la.lj]l j j-j S A-Ja-ul jj Aliyi jjuuSII jjl A.jlujt.ll elA j1j£oj 


? 4/(4m + 2 ) ^Jl ^jyi jauSlI j-jjj +i£ ® 

t i> Jab £ jjj jl jlaj y 8/11 u’ 1 o+H © 


4_p^)J ^ ^ aJLuiaII ^ 4_i_k-a A. ^ © 

dllftll ^aUuAVl jA Ja ? ^ djLu^aLj^)ll (J-oUtil jA Lo (^) 

IdLl ^jJaj ?^.liallj A_Lajj^All jA 

^ic. LoA^jjjIj Aa^.lj Ajjx^-a^llj AuLlall ^djlaliLoll ^Ic- j A_ujA 1^J| L-.aj)x.^i^kj ^ djLuJalj^)ll (§) 
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IV 




O 

'-1_I_. 

4l~t.a <_J^a] J*-^c. ^.vTi £asj (jjAalYt (_£^J (Ja^ajJaj j»L«Jl jjl£ \ <aiji 

^jai > Jaajijiall (J-L m (Jjia ®-^Aa. 0Ini dul£ t^jLiiMI ^3 (_£AjA^JI 

(JliijV (Ja-ali a^. iLllj& (j£j jJ .^J~vY" A ]lj dajc. — a c_i A« « Y) a (j A * * 

A « « (_JjS ojja]| A*J (ji ^cllaj-al (j^j 4 JoajijlaJl ^J 3 ^ 1 Y) (jLjAj (jai ojLja^JI 

(Jl jj Laj .4, iliL^ ti Aju La 4 jA^JL ^ c_l A « « Aaj Laj 4 lilL$ 31 (Jj 3 La 4 jA^JL a (J 
(_)Aaj^. (JY 3 ^^-S^LuiV 4,UaI -jnnljg 1L ^£aaiAj| ^jjaamj ^ajJI jAjLjJ 

_jjLaY^ t^lJj ^3 JaajjjLa]| _J2 »a]| 

^LIS Ij^ija LaAic. a^Lia]| (Jja 4jjliill 4ja]Vl Y) LkM^-Lfc^ ^cjjLL j*Jl jj^Bj ^ 
Ia^. jjjsljJ IjAj afl X\j j=^-*-a 4-laialjj 4ilaj (_^L IjjL . <jLaaai]| ^jai (jjSj^jtai JJC. 

(jai IjaY jAjj La a jA3 ^jas j.ia^3 dl9j Aaj iLUa ^ jjA^B *^_J AA j* all 

jjj^jaLaij IjjlS (."n^t ^ (_gj>^-».allj YjLJI (jAallxJl ^ja l^L-al C Li A.I <_5^) 4il]| jjjjajiiall 
LUaIIj jSL i£j ; -.g -£lj m (JjLj JI^I.a <^3 ^alaJl ^£l^a J) LB' a ^*"‘ 1 J (J- 4 ^ (Jl^.jj 
<ji jjjAjLjJl AAjjj _.IaL*aii]l 4alia-Jlj 4 tail All ^glqjY 3 ^Aa-al (Jj (jjqVill j 

jaAaAjI ^3 (jjC.^}aaLlJ ^jj.aL’ij l^jjl£j lAllljLja^Jl (jx al»J 

- a^C- jlaal 0 J)*uxl La (J£ ; jL-aaii.lj — a£ J.al» .a 

JjVl <—ul£ liji ! 4_LL jJI LaLuAsLiYIj *—lLB l 3J^ I-it aa] 
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jsinJl |j\A jLjj l : ’ n-s t c“i-vj ^jLL t —<—ul£ (jli cs -l' aE ' ^jLL <—ilj 

l * \\ i n-v \ 1 \ I ^W \ *>.\ £.L*qAc* *i -a 4 Qi n *vl3 4 j^a aq\ 1 4 Q i h\q\ 1 L i t 

J&C' ^jliL ^^ic. <_£ j^j SaLo Clllo IgJV Aj^)iaill 4 x*iA ig \L ^g*nl ic. 

^^lxJl ClljlS C^UaI 4 -n. y\J _ ^i^IoaIIJ ^jc. lAlXJ 44_1^.J^)l! 4 -xILqJIj ^jIJIj A^Lj 

L^_Lq jii£l ^lax 11 ^ILxll ^^-Iaa!! L_ii£j4l! ^Jl aa^j 4jqjy^ &IaI ^jUjJ! ^ 4jx^Lj^l 

IAjAuj 1 U-oC. U>aC. (jl (Jl£j .(Jjjjjoi^aI! (_£AIa 1! ^Jc. S^JaJjail! ^Jl 

L_lllall Ad^^ll lAjaiSli^ L-J j)\ Vn LolS 1 _a£jV j (^jjoi^jAj) 

1 \1 qVi! \ ^jUl 1 j ^ ^-Ic- oLlj^aSl j Lg^}Ja $.ljAa3 4_ilc. 1 y>>qj ^LujAI^JI ^9 

(CiLojjjoi^-aI! ^llc. ^Jj 4 1 ^-»ll A. \1 4_lIixJl JjLoiaII ^4^. 



Iaj as jJ! c_jaVI (jl^ ^a C5^J ^ l 3 Wl ^Ic- jl c_jI*J! Jjl CiiA^. 

A^IjoliA j (JLaC-I ^9 Ij'^k c*Ua ^Jaj 4 ^jl x J in VV1 


IjjA UxJ ^jIMl! dijjc-ljjaj ^ j ^aLoJIj ^jLoJ! ^ij 

IaIj ^L-JAVI AjJ-ujjAj fiLixJ (_^a!I ^j^aII c^Ua] dlLl)Jalj^)ll l^_jLaL<a 

La^ill j*^ Cj\ l.\}Vq" ^ u«ol c :> n^k 4 ^jjJLikJ! All! ^Jj C—ijSI AjJjouA j ^jjjJJJ-^ 

ijjTqjq^ ^jjlu^aa.. Ul£ dijjc-ljjaj jjli t \jg q>a ^Ull l^Jaljj jj14I 

jjljlA <Lt3 (_^i]| LaS . \ .ag J|..-VN>U (Jjji; (_>ia^a ^E.^}]lj 

jka jA JjVI ^HLa jjl£ LaJJ L).V (jlai>-aj 

(Jj^U - t-A J. a'lj l_i^)E.j • 
^IjU - e-^2^1 (J£ • 
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IV 4jiUjJI ejU-lJI 

j£lj-a -LuliLa] 4-iaLjaj OjJ-a dljjC-ljjilj (jjillli] (jl£ ^Jaillj 

jVjj AigJlj ^3 iiHflll j f'lji ijll \ AlLcILa]l killj L^a j. 4 .Vail 

(Jlj ^^3 JjVI (Jj-*aa]| La^J (jl£a Ji/i.a ^ A juiAl^II Lal*J Lag-il 4(jj33l^)]| 

C" U-NJ 4(jljJj]| Jill Ajjt^».all CllLuialjjlIj 4_lLlj]| dllljJaljj]| jjc. JjVI dlLajla-all 

<3 jjaUJ (j^il l*-^j^sj ^jlaJl 3^-a jjj]jVI (JJ^JC-VI jja]>a3l I Aic. jdl3c- 

.c*3Li& JaIj A Ig’sll (_5-3 c. t—SjalllJ L^j 3 <LalaVIJ J.-^-a Ojljj 

aiaitij 4 llLaLa 4_iijjil3j 3_i^£a (jjijlAu j lal LoujiI La^_ll jA jaAVI (^Aj aIsjIIj 

lc.|^-a (jjibij (Jj'qjlj.all t jjn>»lj^3l jl£ l,ani3 .(J^La IgJ (jnuj jJ (JLaC.lj I_^al5 eLiaJ 
Ijjlji <_Jj 4^jij]| ^LaJb j3j£j ^1 (jjjjlijJl (jji ( ^Villi ^1 IjL-oJ Ijjj£ Lilac. 

tjjAljjll 4-Al£ dl^aj-^aij _<Lal^j-a jl£lj 4-jiilaLa 4_kialLa jj-aal (jgj^ia jjc. lj.>»ji Iglllal 
dll^jAl l_ll <il j!i (jj3 3^. _jl^l <La£l^all (JV^>-a jl^l i.Li 4 j 3 jjjAUii Lia ( -.g La j ^3 

:;:;\ . c . .^1 ^^3 1 Q. ^ j jiail'j dlLajLt-all 1 uljl 4 j-Xu La JiS a* Lo£ 

." jj-aLi*Jl" 4_ill£ ^3 ^jjAilaV lml>J ^^lll ^ aXi-Vl 4—ijl*-all ^>>ij La^)A 

^ 4_lui \ • • jj^)-a 3*J V) Jjll dlLuJalj^ll jjc. JJJ^ll V AiiiaJl ^ jj^lj 

( jjl^.^ll jjjjlA ala^. 

.© Thales _ ^ _ (f (j OtA -‘iVO) ^iiti 

jl (jJlj aUa. (jc. JJJ^II i-aJ»j V. (MilitUS L£jj ) I_>ujjjlj^ t> J* U^Li 

Y A tL_ii jjoi^Hj © 3 ^ cJ^'^ 4 Ail-AC.1 

£jjXJjVl <-olc. I^A lili (3^11 (_3 °AO jy 
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A*J it 4 » llJajl 1 


I jjj ■ f“ L3 ® ^ A C5^ ^-a-aj (_J *1 V £ ^^9 jjfLi a^il-ia jli tLalc. V A Jill La£ (jllc. j 

(J^Li. (JjIj ^ Aj£la]| (JjIl^Jlj dlj^Vl-J AlL_*a cJ-^i Alii Ajjaa. liA ajajj jl£ 

Jj-aj iajlj jjg >ull Julill A-alc. j 



ejLaOJ i^jOC. Alj (jjJU (jc. j3-)mji Jli 
b 3A (Jili. jps BJJJ (JaC.j (jjljjll 
Aj3^)*_<i (J^Li. jps cillij ojL^j]| 
jj£]j j-al (_£jiuJI L-ljUlllj 

jl£ All Llajl Alc- (Jl_9 A_uiij ^]a■ u^jl 
Lai. jjjllai]| ^Sc. (Ji-kilU Al9j 
^ 'l~s.J jl All (_glj AS3 A >aq I 


Ala. jAj>m ^ ClLulalj^lj Jg Uj sjjS lg-J ^l.a'i.;! AjUjjj bjjj jjUjojVI 

Jjl All jA i_>*JLi] AjjolJIj (JjIjlLJIj i_£ l^ll jl (Jjij Ijj^I 

.A» null jia^iiVI f-\ /i's^ jpi All ( _ s -lc. ^alc. ^La^.) £-aj 


iUalioiJ HU-ua^.j Axjlal jla^j A .a 09 dlj^l A li. .-.1 cl Li. ..1 ^jilll jl ^jll * -^»-all j 
^<r~. c il l ^ ^ a ^ ia . il l ’W y L j\ . 1 1 1 mu . _L r' ^4-llaC. ) Ajililaj 1 ** 'I Ll .‘~'' . a . ^ ^ 

(Diogenes) us-L f ^LL (pliny) yH^? m 1£ .<*j$il jl j jJaLill 

(.. ll m-yl AAi^Ja jc. ( -»)-)C.y I jAl£]| aJLui AlljLj (_SA^.I bLjIj (_ja]Li (jl 

(.. lUu-s ^jJaiul ;<Jliij (Ja^)ll (_^9 al .^lC. j^)C. jl V) (j-a (ji^ La3 j^aj^Jl ^liljl 

i l, ,,>✓»»,II eiA (Jia AljlLaJ jpi dl3j (_^l ^^3 (>^>^-11 plijjl 
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IV 


AajljjJI 




'j'j . L^'j (JIaJ tlgJjJa 

L-axJl Jla pjjfLi U> Lj^lalljl 

1 g Do (J^la UjLuJ-a 

Alia (J^Ja IjjLola 

(j-a Ix-ilaj t4_la^A]| o^A 


■fj* 3 ' 

^_iL 4_aLxx]| 4 '_' •» ' pxj c 4_pi 4 CliLiliLall 4 _]Lxj j 4 Ljajl piLi*!.,.! aij 

<ULxx]| oLa pi a£jjx]| px^j ■ p-^Lxll pc. 4 ^)^-l]| ^pa^)C- ^a iLa 4_nixj ^ s' 1 


_Jj3U px 4 »ji3-i11j ^->111 dlVjl->xll ^jl 
f -%VaVll] i_yuji jx£ p*cJ^)Li]| (JjVl ^ Ju (_}x]Ij pla ^»a£i Lax j»aVI p^lj 

jjjJLi pi (JjB dllj^Iaj pjjl 5iLjaj ( _ s -lc. Axjxj <UjAxll t>jlA j . VuYlgll 


;L^ilc pA jj 


.pLaLxll f_gjl mix 11 iVfixll ^ oJlC.lI]| ^^JJjlj <_£jLxJ -l 
.(jjjjLuiLa jjjxjjjS ^Jj spila]! ajjjj ^)3-»q\l -Y 
_<Lajla ^A I .jiUl ^^a ^laallj sAWxll 4 j3-»j->x1I 4jj1^]1 -V 
.plljjLxLa pjaililix pJxjalLxx] ^ui^lL ploLlilixH pLLjlp]| -£ 
1 A • l" ifixll \jlj p p jx-n a pi px laillajl ^__j-al\_j dAjjIaJ A ~\ ■ *n ^Ic. plA^)l]| pl^xVL 



A .3J^. lx 4 _ 5 -*xjj jl£ 4j| 4-lx]c.j 4ximla ojjjS (JjLxx ^ JJ^U 3x*JJ Jjxllj pl£ 

. (pjla^lal pc. ilij — ^^a ( 5JL^Jl oLa Jjx ^ _jAj 4 S^jx paj aaa^ 
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© 


JU. i 4 \cl\ ^>4xj Alii^Jj AiLjaVLj 

;aJU 1I Cjl_iiJa^)A]| ^^Ic. o$3jl ^^-bj jjj^ll 4 _iaLg 

.*Ull ^A ^.LlujVI (j-a .^.Ij -<-J 

d^Lollj Lojjj 4 _jI^^Ij ^_9j V ^1UI 

j£]j ^ j L_3 4-LubIlj 4jt-o (jj^-alx_A]l (jjjjlj jjill jjilu V (jl ^j-a 

^j-o ^jIj ^ (jitaill l_jU]| 11a ^lia jpa Jjl j& <_)JIj (jl (j-a cJSl 

(j-a l^-^J o^aI^I 3 j (j^^ll JIxxSlA 4 iQ-nl^ *JLxi £jJa(^pAjl 

.(jjjx>aljjS ia jli£l <i*-ojla£ Ijj^)J (jjill ^^jLjIVI ^bjj (J-^'j U^jWj jJut-oJjaiSul 
4-cj*s/a 4_i3t_nJal! jjl c_fl^C- n 4_j| jA (_^JIj ^Jl c. > Ua n La ^aI (j_^J Laj_j 

"l at \ <Lli (jjjl j<L 


.©Pvtagoras 



Pythagoras 
Culver Pictures, Inc. 

uLi jjC-Uu£ 


(f ti 


_ ov 


*) & sZi 


(Samos) yr® ^JJ^^J® 4 j 

dLua]) LujjI ^-laLuj ^Ic- C5^^5 

4 jja J liljj 4 iSJ ,(t_>“ jc ».y» ' 

<JAjj j ,*--i a jjjj ililLa j_plc.j 
l—iailij _ jU jJl ^ I jjij (jia jUujl 
jl£ t yiLudl LLjaallj yiAl 

1 j \ \ -n. 1 1a \ lijjoiLa djjj^llia 
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IV 


AajljjJ! 


Laic, o • (jjli J JZ. j] 4 j 3 <il,j£-uLa J>ai IL& (j£lj <J*llj ^ LS^ dljjcljja j) Jill 

4_l!La idljjcljjS jjl i_ya 4jijlj IS^'Lli-all La£jLaLaJ&l (_ya *1 dlil£ LaJ^jj (jjj 

<a$£ JjIS i_>a (jOJ <jx j b ^),x*nA ^sLoj t (Jja 

S-Lik^ajl 1 &\ A^^kll ^jojLj ^-IuiaI! ^3Lia ^9 3 ^^ i** u‘dl^)3 

.^^-ujjlall ^^.'1 3-0 (JJjLg ^-9 ^ 4_iiJalj^>^ ^.Ic. 


^-*\\q\1 ^ l " \\ u >>1 ^\i ^jj AiLjaV^ Auiidl LAjJa&ll L.AC.^iLk-ul ^ji ^jJal3 ,G _9 

c^llj (jl L-£3 J l^A^aljtA l" IjjClI ‘‘‘^ ^ ^j| l_Q. V^i\l 3' G _J 

^Ic. Ia-Iac. J _CllLljJalj^)l! ^9 Ia£ ^9 1_aI& 1 'ia ^)a*ox ll 

I^jodojI 3 * A jy a^ ^ujjIj ^LilUajj jLid) jUjJl ^llc. dljjC.llia 

m i" \\ u >>1 ^\i J 4 Q i ii\q\1 


_A_d^Jl cillj J^jIjj 3* (jl-^ <_gJ] 6«3 >a <—J3jC-lli9 Aja^'V *xi ^paj-<«J! (j) 

< CajIS <■**a_]^joj ^jxh A_io <s^)xa 1I ^9 <_£^)dVI Ajjju-allj 

xJA^i is^ 0 ^ ^Jj A_9LJaV^J .^la-all S^^I^aJ A_i*_a^J| ^jC- 

3* ^jJJJjjC-lliill CllljUjI qC- ^Hhll (JjJasVl 3* .^1 »a11 ^1\ CllljL^jVI 

'4-xxki dijjc.Ilia di! jL^Jl 3 0 \. vW ^ 

.^cjjUI! ^ (Jjl l^Jl Jli c^jljj L^a-ujI ft^ljoj 3-^ 2J3^ 


« i 4 ♦«<••. - 44 

a ftf I A. 1.0 I I ^ \.A.flO. I I 

1WMHI VHBBBHI 


ciLli (JJlAJ Aij ;3ljjJl ^3b ^^_jJalj^)ll ^a-lxil ^LjojVI j ^-dalj dlj^C-Llia Ajlj 
> <J jjjC.liiill aAiixJl jl ^jjC.lliill ^UajlL L_fljc. ^aUaj ^lLujUj 

c. <9joila]|j djlldaUjl! ‘LujIj^J 3^sV^ ^aUaill ^^.laA j& Ia 
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Ajjjjtliuall SAjixJI 


A \ l 1 1 \ A a l .lol l A t\ l ** ^ 1 ^ Vaa '„ 1 '1 1 ' 1 '■ A , - 3 A 1 \ l ^al l^ l “ '1 1 1 ^ ^11 \ A L \ i _j f. . , .■. .-. i 

4~~'l J, '**' J^jl' (jl La£a -t ^j3VI JaLa'llI t (jl (_pajjij t " 1 'J 1 '**' j^)ll ' *'J' 4 <a£aJI 4 _ '—■ ^1 
_4_uiij CLiajll ^ alji L>»ji i (jj£ll J)*ll ^LiLa (_^A 3|3 cVL 4 1’i.a’l.a 

(((jjjjjjcliiill ^llc) ^-*^1 l^-La (^lll 4jqjq-t.o3Lall (JiLaj 3l3cVl (jl Ijlj 3aa 

(33c «.(_ 5 -^ <JS ;djj_jc.ll}9 <3jia ^a lalijl 3jll ^a <J£ Igil 


(jl a^xjaij ^£jUll 134^)3 UUalm (jjJJjjclimll Je. 4j 


3bcVi (jiku 


I jjuJ :aj 33j 4 all-. * t_iLli^a| ^a 1 g I^jlx-^3 43|3 cVI e3A ^^JC ll>a <]£ jjj^ll 

l^llLa 3l3cVI 4_liLaj La] lj3LadlaJJ 
<m»] | 4 jIAjj 3l3cVl 3l jx 1 33*11 • 
.J jll 33Cj dlj^all 33*11 j (JjVl (_ s -^.j^)ll 33*11 Y 33*11* 
_(Jjaljlll 33C. — ^j£.3a]| 33*11 V 33*11 • 
3*11 ji <113*11 33C £ 33*11* 
^dlj^allj j$3*]| (_£33C (j-a l—l^^a ^ ^lj_^l -AlC 0 33*11* 

(jlall 33C 1 33*11* 

^ Li 1,11 ^lc J 4 Y 33*11 1—4,11 ^lc J 4 ] 33*11 4 Wall I ^Jc 1 jlllal 333 Llll ^^Ij 4aLjaVL 
(J£ 3j.Wll 4_ajilll Jaliill (jx ^3^1 .wll l*JJ Lllij k£ 33*11 ^jji^-all ( _ s lcj4 V 33*11 
Jalajlli j jl3<a jl lg-3 Cjjiiijjcljjill ^jg qa (■_ UavI 4 3-al Vlllj _(Jl£^oVl o3A (j-a 

(j-a l3^Aj ^Lu-nV 1 (jj^j ^ jln>allj ^ jlnall (jj^J dlLajiluiAll j dlLajjliuball (jj^4 

(_jjj£ll 33*11 4ll ( _ s lc. 1 • 33*11 1 jqu^i 33j . 4ia£L ^llc '<&a\ £ V Y 1 3l3cVl 

3l*jVl ^J«a-N (JiLaJ ^j\\ 4ljl_ull 4*jjVl 3l3cVl p j-a-^-a (JLaJ 33*11 13A (jjS 4 < _ s -l^ll 

33*J laJJjJ jJ 1 * 33*11 4 jj j£ (ji Lll3 (j-a ^r.lnj.ai (jl (j£^ij^ 4j,„3\»'l 

4_ Q j‘ u ^ ,iil3jj 
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IV 


AjjljjJ! 


La£ (jjj£]| ( tjhnll IjlA 
jljlLa j\ IgJ 4 — ^ ^ Wa’ll • 

■ “^ -ala'll.VI j Jalii]! 4 — Y ^AxJl j _W^ # 

^Ja-uJ' j^j^j dlLojilLuiA]l4—Y | ^Jaxall • 

jj£i T jJajjill 4— £ \ • 

. jjuit 4-frn jijeSM j- • 

4_xjjVl jl.iC.Vl ^ j-a~s .a (JlLaJ JJ*J| lilA jj£ ‘ JJ*JI 4— ^ « Ai*Jl • 

.Ajm.Vlfrll jLuVl jJ-a> (JSLaJ AijUjill 

^-aJlsLi] ^AjJjiaJ eljjl > jjjj jjC.l!m]| jl lilaiV "jjc. (J^" ojljc. (Ji^- (j* 

Lg_j) ^^Ic. Aajljjji]| ^L^VIj AJliLa ^jaILi lgj| ^^Ic. jIj&VI Ij^a 4 4j-aLk]| 
a_-l^ -a (. u]Lail A-C c ;1 _UjjI_Ujj 4_ln9L^aa Vj j ^r- 1 qH Vaj J-aJI dul£ -li c _ Va ^aLa 

>LioVl jl£ Jaa .SjIjVIj (jL-^aj^U 

(jjjjUj I_jjj5L (jl • 

jgjJj-a Jliul jjfL ^ r" jlJJ-all (jl l-^JS LaJ^ ^IjjVI Q^^ll (J 

_ ^ '' -n jlVa ^jj (_a jIa 

4 sV jLJI (J^l jJJJJ_jC.l!L^]| C5^ 4 —>La j*^<«ll jjJ jpsj • 

; jjjjVl (j^l^jVI-J Ajjjjc.liiill oJyiaJl C ‘iii.V' jjj 

jjij]| J JJjijUj ^ r^\-\A 4_j| j (■"'U-i-klll J Jaliill qa C_l£^a <vLjaa]| jl (_)4al jial ^ ) 

Jc. i"nn 4 ,»ji3-i 1I jl (_^l^ aJa. j]| l“ i\ a >✓» c^llaj A'm.'ill ^ ml mV I ^ja«Vm 11 j 

jjjjLJj/l ^-jlj;i^I <jimla]l jl£aVlj aJA jjjjjjc.li}i]| jl£al diLja jaj (a u>»Ijj (_}auj 

^J*-J LajS (_J^)ikjj La£^ Lg-ljVaj <vLlaij/l o^ij c“U~s j-a 
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Jlijjc-llia SaA/L 


LajS (jl£ (jj IajjxSjj Ax-llUl ^)Aljia ^J-a-s (Jjxj aIac.^ 1 (jl jLjc.1 (X 

(jLxjjU Aj^jlaillj A-lLutJl U iJaall jl A mYlg ll 

^ ^jJl (j%*j iLl ^ > 11 11 V liili t jjjjjjc.liial] 4 jaa*JI 4 LaUlL U£j£jL jpi 

IjAc. t jjJJjjC.llli]| (jl j£ij (jl ^-UaluA V lillLlj 4_LaSj]| Ua.j]jVsllIj Axui j^JI Ji^ac 

. (jJjJlxj^ll Jj-ac) jA (_£a!I AjA^JI ^aA J>.-»C. Ij>aj» jl AjA^ (jx Lid] 




A . ♦ i A ♦ ♦♦ ♦. A t — 

LZ 1 A >A_fcLi a© AUJ 



l.'nxjLdl ^VjA <jx , AjAajLij Llijjc.liiib lgjAiac.j 4-iijjc-lljill AujjAxII Jill 


I jal£ (_>uljji>u£Ul jfic.1: (Anaxagoras of Ionia <=> j t X A _?) <j*ljjc.Lua£Ui (1) 


(_jia^l ^A ^jxsll^ i4j^A jLa O^IJ^ *■ J 4 ■ ^A Lajl^j 4 uiALa i**'"jl (j*ix All (jl 4d 

^9 (jl£ LaiiJj lj* ^4 j j j _ ^11 j 4 UixJ (j^- ■ ail .xAll ^jx U* jjJa .‘IxLj.n 4d^jAlx 


. (4_ix X • • • (jjUJI Cid»-A 4dLxxll 4 jIaj <A±jl£ liAj ) ajj|.dl ^jjjj (JjL^- u ~>“>11 
4dLxxll (jl ((jjjLLdlj (jjj^)>.^»xll ^aljl (A'.Wj (jl£ La ^ JjVI B^jxll _j£-la lLA 

.(."'lij^lll 3isj!j jl£aVl 4i4 LH^ (J.;< a >H (JiL^. (jx 1 j (j^jAi ul 


Jj . e^jjlc. <■" 'll j '3-»1 Ji^a-a IgAx jj£I <imla£ AALuxab^ll J] e^jlidl ^Ldbj 

■ ^-jallj'Ljl a^VJ (jx A^.lj ^ajj (Jj9 jj j ilA ^alc. ^ (_}j JjC.Luo£lji 

jltlj JliLjU Ua^aj lilkl (jaillli. j\ jl£ ; (ArchitaS f» (i X- aX A) (JJjUaAji © 

ajlfla-aj " La LgLa LLtll ^1-a ^3j t^ijajj ^ ^gjjxa_j^ll Aj^aI aLuj^l 

jjc. 1 (JlilaVl Lg-J (<LllL-LiLJL^ Aalc. La Ig-iaj "^lljA j)\ 

4 L ■>. i Lax w 4 W» llj 'aj£L]| (_JLa iLlljJlij LLLI La£ i AJjpxll 

ojiA ^ LLiS i_kll Ajj Jlii Llu^. ( jLjJl JiL ^ LLil^jxll <Jj|jVl (jjjxjxjxll ( jx 
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IV 


AajljjJI 1H1L1I3JI 


4~n->.a j£lj I3A i _ g k (.. ll~i^ (Jji jjfLi 4_iii I3A jl£ Ijjj /o3Lall 

JaC. jill ^^Jc. ^ 4_ilc. jjjaVlsi <La3j iHlja 4 13nJaHll a3Lall o3A ^3 

(_)3aljC.V j>jlall ^hWiI ji ;3ll3j]| lilli ^k i jjjilijJl (_S^J ^33 .((iLil < \;<aH ^k L-lall 
(jAiia.ji jc. jjlaVL c_u£ 333 _ \ g *i<a.;4 jpi 3 -tsjj lAj3a_i 4oLafr 4j3La 

4_ilc. IjjJaSj 4jai3j^Jl L_ulali 3ja. j\\ e^gJoll IAjoiSI l£.lil£.uJ I A c. ^ L-Jjlalia Lagu>Ll3j 

eljaJl 3jui iLli ^Jc. ISjilSuJl <Sljjja.j 4j_*alliJl A 4a»\l (_JjLuia]| jc. al3xjij 
jl*J]ll |( C_ljaJl jji3 j-« .’ 1 ^ j j»Vi 4 . u3j$II jc. dlluaail 333 aaJa«31 L_ll»Sj]lj 

Mjliillj 

(3lllc.ljii.VI jj3lu> ^ jjililus jiailijJI 31 lU -N 4_iSjjIai]| ^ jkJl ejiaill t>3& (Jlus 
_4 jjjjjVI 4 >>»g ill 4 j|3j ^ji^. lAjilj (_£3l jill j*Vi (SiIsIi.m'SVIj 
(■ <lj'u^V) 3j*j 4jj 43lii]| ^ dlljjJaljj]| 4j*Jj (jill ^ uiuj]| jj3ll (JulViji ^M-Li 33 J 

;^jj3 4jljjI 3lA.ii3al.ljli 
4_i3illj 3I3C.VI \ L , '' mail* 

4_i3j]|j jj3lLall ; 4_ui3i^Jl# 

ASjaJlj jj3lLall jiSlsli# 

ASjaJlj A. 3jVi jaII# 

(HiIsVjij ja]| 4c.lwa ^ (jjAilijI ; -»g ljI jp 1 jjJJjjC.lll3l] (Ji3as]| 3j*J 

* j jj3j 3^ IjaAlSI 1 1 \\r. A Ij . .■ \ A \. u ! i j 

.JajiJI (Jjla ( _ s Ic. 3 aj*j j jli _$ll Ljill jc. (Hij ^jVI 

( i_uu jc- 0 jLic. i 4_ux-a (Jljlal 3lll3 4Jax*il jJ 3 ]jjj 4_ij diLai_i]| ji |4_iili]| 

<_Jj .^... 4_ijaiLniJl j\ 4ajLaj]lj Lila. dlLaatill o3A (UlljliS i_Sj*j ^ 4a_ia_k^all 3l3c.Vi jpi 
(Hllj3 (UllsVlxj 4ic. JJ*J Luflall ^ jLta. ji j»c.lli (ji ji ^1 ^A3jc 4c.li3ll diL^aj 
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© 


Aa! jS^jjA 


|j UjLajjj Lacljj j]jJ ajLluAI L_j£l _J3l jl Ij.vjlcl jl jaVI Jjj 4 •yl-aj.-a j|jcl 

"<—llj.anAl _^a " ^<amj l^jljliLa Jc lgjl£j^ (J 4aaa->-a j|jcl 

Ig^ajA 4-a.lk jj£| (JaAj . IJjI 1 —ljaAl jmaj a] tA’n-s ejjj£ (>ljcV jjllia.jl jjc 

_A_jJ jJxAl (ja jjAa^lsI ^AijJj-a AIAjV <J‘’JJ“'J'JJ 11 *dc.lAa]l (_£j] 4 A^Jj ^A dlLuJaljjl] 

AjSS j Ujjjc.IjjA (_>uj^Lua jl£ ; (Hippasus of Croton ? 3 ?- * V • )<jj>jjIjjA ® 

Laj3 C_l9 jC ^aJ tj* all a j*-l ^alj jjcljjj]| J. >»all A iailj <■ AJuj£.l 4_jV A_uijjLa3l ja (_Ja3 
ja A w *■>. II ^ A_ 1 JjjA| ^Jc AiaLaJ ^3 4_jV t4 jjAaail jja (Jc ja i IAjC dlja3L J*J 

£Jja3l ^3 jlasllj Jdall jjj AAA/IjiAI Jjji <■ ~<l>u < S (jAA-a. 
^ja-s jaaSjj (Jjaj jljcVI (jl jLjcIj jaadllJ jjjjjjcllJI aJjAc (jl (JjA3l j£aj 
3_ijlc jjc. j|jcl jjJa jA lg-jl£jl JlcJ jAj aJjiaAl aaa laa j£]j - <ajjJa3l jAlJa 

Jda (JJa AjiAAji£ A-UaJj^II Jljia3l 3a tall ^3 La_dalj dl]j jl£j . ^^j_aa]| jljcVl) 

a.1^.1 Jl . ~‘ i jt . -a La^_a Ajjlc jl.ic.lj AjiA/ljtAl eilA i_L-aj j£aJ V tajJaij £jja]| 

j£3j IjfLia dlld (»3c Jc I_jil£ ( 4_uiij dljjcljja ja^j3 (j-aa) jjJJjjcl!m]| jl jJjjj 

lAllj] liaj Ajlja. Jj (_£ All (_>u jaJyA jA jaall ^jJa3 l> Jjl 


Q Hippocrates 


(,jtr. )sU^ 


Jj-al*-a3l Jlj jji]| JaljA_ jjjA jjc jAj ^ChioS“^J-^Jd ajjja.) jjj ja IJA Jal jA_JJJA 

(_j£jdj i JjiC jAA dlljjJaljj3l (^3 JjiC 4J| Jl AjLjaVlj jAj ( l.j.Jajl jjJojAIj ^A 

(Jj J_J*J jJaIjaVI (j<a Jjii£3l C_ lun jl <- Adi’s! J9j _ L_lJa]| ^3 ( dl]j jc (Jaiuia 

aLaJI AAjjla ^3 jJaLaAl c_ljiuiVl 
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IV 


AjjU jJ! 


A_Iaj jjj ^ Alljai jjai. I."n^> i ajLaLlI ^^5 jalLi j-a alAJl (Jsi jjl£ A_jj jlnmji A_jc. (Jla 
jA JIS JLa. (jl ^^Ic. _ 4inaljail (Jj 3 j-a A_j| (JjIjj tJVn^VI (J^-^- j" 0 

i ■ 4 L\ 4 J ' 1 L * L a 4_ialij J-Lc- ' I lX 9 \ 1 \ ^Jj L " \ W La ^ \f~. ^] 4_jl A-UjAj 


l->il^ taLajVI I^A ^^5 A_la jaAa (■" ll^l-^ I (Jj-ajj I." n^t -LuAi^Jl A_uiljJ ^Jj (Jj^j 

^ljjjj£]| ^ ' l_ij*J La] Aj^jjaj A_i_*aa]| ojlA Jixj^ _L_aaj| A_Iajia^ a 4_uiAj^]| 



Jaljii jjjA 

.(JLilt ^ La£) L«J^' 


Lyj jib 


;4ic. (Proclus) l>“£jj^' Jb 

j* V 'ic. LjojI (_£^]l jA Jalj3jjjA 

^]|tilbj (3^ 4 »>i.i ig ]l 

MLP j^J ‘l> j^' i> UJ 3 

jJJ A uuill Ajjlaj jA Ajc. Aijxj 

La j»a!j . jj|j.i]| ^^9 A_g_jlLaLall jLijYI 

(Jja. dllx-Jja]! A_ljlij jA A_i]j (J jxj 


jJJ sjj>.-it.a]| A gli'iall jA A_IaYI 



|jA A-Jj)*i ill oiA j^aJj 
Ajjljll V-V Cillall Aj^Luia \ 4_Jjlfi4 

(C j bj a A^!>Liai JljLl <jj]|) 

j-a jJ^-ib]l jll^/l^-ll A^Lm-o ^j) (JjLaji 

‘■b J CL L^J^' yH^ ‘lW^j]'a]I 

(7 JJj]| lA jla9 ^j]| ejj|.i]| £-a 


jJlc. ^ dlLn^La]! jjIj 3 (Jja. j^ 3 - 1 (Jji jA Ajjlaj]| oiA j^-A JJ jl (JjB 


J3j 
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(Jjl jsu C' n^k dlb ^ (jjfL U’ (jt&^>Jl l«^-J dLa>j j 4 (jjjc-VI 

. (jjj-lilsV ^jj^aLlxJl L_jlli£ ^9^Ja JjjSJ (jlA^J 



^^JaLill (jC- A i^joi du jLauV CjU&all Ajldu (j-al_^. ^a.W'ud L (^ 

;A_ijVI (^jaJIj Aj^jkul (j*i^».ll Aj_jiaj A\.^i ^ic. (jA_^-U *- © 

."$jjlJlll Ijia3 AC <jl£ A-ojIs B AjjI jll clul£j ojjb -kp^a Ls ic. Axilj A,B>C Ja^jli dul£ b] M 

# aJa VI Jal^S^jA Aj^jkj t _ 5 lc. clA^>^ *~ (^) 

^13^)1 ^ ja>a .^'^Lulll (j-a Au^.j^ll ^»l3^)VI (_£^ c_ijlaJl ^3 bLp 4 t—llall A. nk.ll i Aj.uk] I (Jajxj (^ 

D ^A^JI l^jl_^ic. (jl£ bl Aj| (jjj \.£. Iloj (jA (J^LIaII ^ISjI ^ ja-va ^Jl (j jLoj Ia^Laj (jA (J^IIaII 
£ * (jA Jsl ^.j bl IgiLoi (JI£a <jjj . ( 2B + lf -2D 2 =7!ul^ L . Aoi/VI ^.ic. B u^J 

.^'^jljjill ^ja L—ijlaJI l^j V_A° 

?Jlj^ill I^A c-n>jl djjjC.Uu3 <jl£ L flj^s ?b^c. jjjfk (jl c-Loll qa\£\ (j£- 0 J L © 

cixk^. ( All is Number)? cJ^ ck^l *^*11 Jj^ Ljjjc. libs ^ 3 -ixj <jl£ blx © 

?(Jjall ILa (jA ^2 *^*-H AjAj^al 

?djj_^c.l!u3 j*a£ fi^)Luc.l (jfLaJ Ja .cJl" 1 J>J-^l — ^jJjJ-LAjf^ll t_5^ (jVI (jAi*j (^) 

^auSI" |(jl£ (jjjjjjolliill ^ua 3 (jl A_^.j-ll (jjjjjjollii]| dc. A_»-aLk AajS £ t V c T C d_i3l£ © 

? dLl^)j ^>^all ILa (jjl (jA 11 bj_^ is^ ^ab 

c_flldu^V (jjqd-^All (Jjl d^bll (jj!i^.lall (jA ^d^ll (Jd->qj ^tj^)l!ill ^3 ClaLu-n^Aall cJj^- (B) 
Ajjx^aII djUjJfibjll aJU. lik^.V ba£ dlLidalj^ll ^tJjb aJL^. Ia^.a UU^I I^A (jSlj ;Ia 

■ \)a\1\Ij Aj^]|j (jjVI) La ALs (_^111 dtuol Jl3 L idu^A (^1 (jl (ji llilc. .AaLUll j 

;^.a\I _^A Ia Aa-Jalj^)]| A3 ^)xa]| (jA ALoSLIa dc) (Jg.1 ttiVi dilLlj _ ^fijLLuj! 

?^^a 1I A.Jx^Adll -I 

?A.jVq'iH aj Aa^.j^ll AaSbiill AodajVI 
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v 



33 j 4 -s.11 4,» jlJill L_uSjJ L $Ljjj£l ^L-alj^JJ (j^JJJjC'lj4]l e Cj '><a' 

IgJ kc. jlla 4jjljjj3 (Jl£^ol IgJ _jAl jkl\ (_)>»» j jjl (jx (jjj^iluia (jjJJjjC.ljji]| jjl£ 

ijja jjj£j (J‘Stall La^J i^La 4-iial 3-i.all 'oj£llj ^aslli _ 4n>ilj^)]| dllsiljtJI (_>a3j 

(JlLaJ (."'Ijj.>iIj^]| (jl Je. (jjJJjjE-lliill e^jlaj J] 4iL-*aVljj Cillfl-^all 

o3A ^3 1 y±lk 333 ;^J3VI JaLdaill Lit-aajj ol-i^-ll j 4 X A^Jall j ■ -Q ' LiC.Lxu^.1 j Lij jS. LaLlaJ 

;lgLa 4 ql’i-N.a CL^V^a i^j 4n>iljj (Jill jL^jJ o3Lall 

^ju’sa llj dljjc.llj3 Aj^laj ^ 

. :^lj3ll -£ Job *^3%]' -<—i fLL^ .^jLuaJI -i :-kui,jlt 4_J j3 -\ 

a + b 2 

4 wl-fl-N. \1 l**ll 4n'\ a\\ <JOj|^p - V 

4 aIQUi'aI' t. * U n A .\v w‘) J^Lk 4_LlA aII <Jjou11j v, S^jljLq ^ J^-Lo i ol /;-Xl - £ 

4d}^jC.l!n3 4 4 4 4 uni ^*n. \1 4 ‘ill ^iaUij 

■ (^ ^o\l 4 \9 ,^\\ l" ^ 4 \W 1 ^ i >*» i 

_ (a! 444j^)kj <Loj3 x^ — 2 y 2 — 1 I^-i^j-ujI ^ 'J~2 ^-ixJI 4 ^ 4\ ■ ^-> | _ O 

4 *11 3l3c.Vlj 4 il -v.'i*ll 3l3c.Vlj 4_Jl!La]| 3l3c.Vl [ 3l3tVl 4-l^)Iaj -*1 


j) o3A 1 i.>»», I 4_a3la]| (JLlIjSslI ^2 j l_S 
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i** ^ jrA 4 Ui \ 


© 


/U 


jjl jj-o ^C.j\Vaj 4 \ g,xj.iq 1 djjjiliia 2j^>laj Lg Js ClljjC.ljja] J jxj (_j-a 

(_j-a (Jjl 4 jV A .amlj dlS^jc. lg_j| V] (Jj3 A in ^ * • • Ala 2jjlv4l t>AA 

4_)jl j]l dlliLall ^3 jj jll (jU u 4j^)iai]l t>AAj _ ^1c. 

C j jjjlLula]| ci } Jy dljl£ |jlj (jJxLjall pj-a-N-a (_£jLojj 

:t jl£ jSjll 



1 


2 , >2 

a + b — c 


2 


IAj A3 <AajjC.I!LiS <j! ASjxj 

(jj£Ll ^!i]| A L y-\ ■N. \l 2JL^J| 2 JJ lV'H 

(_gjlmlaj 4 jjI^]I CiliLall lg -}3 


\g'l->j..^ ^^Ic. l—u 

^ £ JLsil 


t jjaLJI 

^pj i ^pA'l—LO 


(jc (Jsj V lP ^ 2-sUl 2JL^Jl (Jaijl 


jjLij jrllaj V (_£a]| 0 (J^-^l j&j 



©<J£2 u 
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¥ 


A A ioj^Aa]I 


."jj-aLitll " ^Ajaj L_lljS ^ Cll^Ja Ajjlai]| aA$l c*3UAj 

i_S^)xjj djjjC.lli3 dijjc.ljj3 2 j j U. i 4 r -^ 1 CliliLaJI 

- dljjE.ljja Ajj51jj (<7 ,b,C^ Ax- ja-\a 

; A ajl Vn>\l bdLa3 _ AjIjj¥j jLajV A-SJ^Ja d-° dij ^£-Un3 v .~^v c Aa] 

(n +1) 2 =n~ +2n +1 

£■d)j^J d>dc. dijjiliia diLd^j JIoj n + 1, n, ~J2n +1 Jla&SM d' g3~'uJ 

(n + l)+(n) -2n + l 

\ju^y± 133c- La^X- * U-J^ (jjJUiLa ^ y^J .Ax 4-il cilli ^ \x \ m Ixj^g I33C- 

(,) y <,& iliLa ^ JiLaj Logx (jj33xl! ^jjaa 


© 




Ax.5djal l—JiLaJI Jxj 

3^2 cjUUaIi d^ 

*551*11 3°^ '' 1 * 'j~* <—jjjc.ljja a 
A^jUalLall n — 4 d' d—V ^ 


3 2 + 4 2 = 5 2 


fjj a^ d t dilldl 

3dlllall liA jlxji It '*J W J dajJS i d^diJl d^ AjS 3dV La>ij 


^ AjuI^>]I ^jl*_a]l eliJ ^ djdull i—is5H 3^ tilli j' .A-wlS AjjI j 

.tilixuSLajI ^3 JjSlUlljj d>-^'j 3^dj 
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© 


diiiLal! 


acHII ^a Wi cIiIIaII IH ^luii iS^y <ji ^ bills c ^ulj 

<^J ‘j3j^ LS* UJ^J^ 

jUul <jl -la^bU C*n«\ tciLLu 
jA La£, CJlall l^_J Ac. Hi I oiA 

.1 (j£-uill ^Jc. Cyy* 



Ha .jSJ ^^ CLiHaIL Cilia. He. Ax-aln AijojH CliHall <jl£ Hj 

^Jljll ^S^)l!j 3*ij'S < a\l L. .flj^a'i ^5^) jAj 1 A^luball j ) Y JaJ^-all (j! 

: J Ij4^v ^ ^j Aii^vb . r4£40 ji^bu 
3 3 + 4 3 + 5 3 = 6 3 

^djUliLall (Ja^.1 (ja 4 (3=4-j 4 4xj j^a lilli] 


© 


. 4 . £44 ~ *♦ ♦ 

■ !■■■! 


; ^jjjjjjc.llii]| {JLoc.1 LsIa 4-illiLallj ajL^HJI ^l^c-Vl cliA^j 

jLh cJj^H ^-ujl^a ^jl£ til ^jl^-ixll "AjL^iaII (I) 

^j-o gca (Jjl <jl£ .( Y At j YY * ^jlill 


djl^jjoial Ajjjalj^)ll 1 ^ 4 ^\\ 4 ^a ^jjiLail AxHj CjjjcliLa ^a ^jjjjlj^ill 

Laj jA jja 4J^ djj_jc.l!n9 (Jiui _A-IC.1 ■a’l'^l jl “LjjL^jj jj-a jAl^jial 

\ X * jjjJJaJI (jjj 5j!>L*Jl£ ^A <S|Ai^allj lit jA L-ll^li ?AilA^all 


.XA i j 

(JlLa 4 4_hjjiIj 3 ^ j-a-N-a (_£jLoiJ (_£j]| 44 jl3I jA ^^JliLall ; 4 J11 ~1 a 11 JlJC'Vl (^ 

1 + 2 + 4 + 7 + 14 = 28 uVXAjjJI 
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V 




Je. 4 liA 4 ((_}j:li}k.ji (jjjj J jC.ljjA]| JjLs qa 

■U\1a Jy\ jjJt ji£ Uji 2'” -1 aa*]i ji£ lit 

n = 2 m - 1 (2 m -l),rn>0 


."jf-il'mll " jjjAilaj l. 'l~i5 l _ s i oJl^J (JjjSa]! ^jlA^jJl el^. 


^A' (j^j* alacL 4_i j*j ^311 ) 2 m - 1 JlJebU J Jiailj : C&*J* ® 

Marin Mersenne ) J* 4ia alacVI al-?j] ^ ac-Lki l$jV ^j-aLk 

; ah&Vl J^U. qa JjVi AjjUull <ALa]l abc-Vl ( ,4648 - 1588 

m = 2, 3,5,7, 13,17, 19,31 

4 4-il JJC. (jjUji^a alac.1 ^ja 4ila JJC. aac. ,jl£ lj] Loj 3 4_ij^)a-a]| JJC. i^ja 

4^11i ^A ^ »aA ^ * t^ c ' ^A 4 1_J^jjL 4| ^llk'lj.i.lljj 

.(^ * * * flc- Ajljj ^ 

4a^. ^jLau 4_illiLo alacJ jjjjjljjJl J-i'sV l^aJaC'Sn iait JJjlII (^ 

qa jA 1 aa*JI ^4*3 _ ^Ja& VI ^liLall aa*Jlj ^ jill IjlA qa aac. (JS j \ g .amij3 

. 6 = 3 + 2 + l j 6 = 3-2-1 :jV 4 g-jilt la* 


© 



. 4 . *11 


alac.VI t>aA i— sj*j _ 4’ifi.allj 4a*.nJa3l alac.VI 

dilalXal] A g a\ua * aklj alac.Vl oaA (ji qa £jlj A iamuII L-AAjaj 4 <axm ^41 alac.V4 
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A ■ a\I j 4 jij^)a]|j Ai]iLa]| A^lj bliLaS .^cJl _a1iIjij^)a]| j ) 


ASlUl jljftVl 



Aju^l jl^V' 



wijl jtjcV' 


- 12 - 


- 22 — 


Ja*; AjxjjUI jlAtVl A-JIjja p j^^ ^ ^jl IJa 9 AjLjaVlj 

n{n + 7 ) 


l-\- 2 -\- 3 -\-...-\-n — ■ 


• 0 0 0 0 0 


0 


(jl (jl LaJ^jj 

<jjfL C* n«\ V ^jJajj 

• n = 5 lM l> 




7 + 2 +J+ 4+5 


4-5 

2 


= 75 


[ClllS^/lsdl Jlo ( 4 *iq\ a\ 1 JJ1JJ1* <Q^ V La£ 


ll 1 = 11 

11 2 = 12 1 
11 3 = 13 3 1 

11 4 =1 4 6 4 1 


1 + 1 =2 

1 + 2+1 = 2 2 

1+3 + 3 + 1 =2 3 

1 + 4 + 6 + 4 + 1 =2 3 


a jjlV'l ^ ^i]| (jA Iajjc.j 

■( J-C |J' £ ‘ ■'' J dlljA £A AijL2| jljiCrVl 
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V 


4ja^)Aa1I 


© 


♦♦ !•»««< ..I 4 4 

A. A V* x x 1 | L <LA ..iVl I 


ji ^ A^a1xLia]| Cl A j ^jjLlCIaJI j ^a^oIia]! d ,^]| CIiIa AjA^aII CaLajui^aII <. iJjjtj 

;(A -Wa3 4 nu'N 4jt_nlall ^9 Ca\a\I oAA AAc-j 


A O <£> 




ItTKAMSHON HUAMCOMN OCTAMtMON OOOCCAHCMWK MUWOWI 


AJ£jC 

^^LCaVl ^a^Lujja CaIaIIa ^ja AJb 4a_^a!I ^^\1 &^C-Ia^j • 

^CaLxj^a^ 4AjLuAA 4lLuJ ^ja t_klj-all ^JOI^aII ^ C_AX^a]| • 

^ i. >iS/1 AjjLuAa j AjjLuAa CaU£a 4_jjLajj AjA^aII ^-1ALia]| 0 jJI ^aIaJ • 

-uaA-a ^ Y LA AjA-^aI! ^JallAll ^ g ^)joiC- C5"^V^ .J^ ® 

^vLCaVl 4 ajLuAa11 CaIa^a!! ^ja Y * LA AjA^aII ^LlLiaII ^a • 

_1^_1a £j|jl! ^.LiiLujU ^aIsIIaJI CaLajol^-aII ^ja ^ Ioaa <jaiij la^^c. Ias la^c. aa! 
lAA 4_9 Ua£I ^xj (_£a1! (^ (.3 ^ ^ % ^joi^aI! lAA i Wln^l ^ja (Jjl j 

l 'hul l l ."\^ \ AjLl^^C- l_Lial I 4aJLA^I1 ^JA (_ J i -^QQ ^ 

^9 ^pjAilsI \ llfi A£9 JaA3 4_x_nia]| ^9 ILoIoIiIa CaIaja^a <joiaA A j A a ia*v La I 

a (JA q LA 1 aJ-Vua ' aui^ a p jl£ I a) 4aI LS^ 0 ^*^-Lla ^-^LixJl 4 aIa£ 

Jaj j! ^ lAA 4 IaIj^I! ^ j )aa (jl9 A^.V 4 aj^a\1 A a]AVi a\\ 

_A^_jA VI * qc. 

A5j a l * ilxc. | IajI A ni-aN \\ A aIsu \a\\ dA ajas>aII j ^j_ia^jla c.LqAa]| ^jlS AaI 

^aJc. jl ^jCalj^)l! ^lia^)XA (jjA (JA ^11^1 cJj^aj!lll I jC>\ Wnxil 
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oIa -j-o cjUaaVI utii \*\\ AjLi£ ^dils! d^.j dxj LuSj . cIjUIIaII 

_AjoJJJ^}J 6^)La 1! ^)laS ^Jj 4 ClA-Ojal^-all 

6^)iaj 4 ClaLojat^Jl g-I^J 4 Ui/illj 4 A_I (jl£ -^3 ^Jixj Lq_i 3 Aic- ^** v wVun ^ ^j^lavlal Lai 

.Jjill jjxxiVn Ailxla tf>i 



La (Jic. ? ^>^V1 cJjS AliA^-ai dijjaU^I l^agM/a (_£I dLl^)J <>^[2 J -^3 (jjA^xll A-Laj^i ^ifr ^jA__ < }-U L Qj^s (^ 


.Jj£ 

. ^jLl,Vi<a Y A £ j Y Y * (jjAi*JI Ji ^joj (^ 
^ 1 AlxJ) djlic-Ldxa (j-a ^jj^^ali ^Li-all AlxJl -l^.jl ^) 
l,2,...J6,x,2x,..J6x i 4 -^'j* uj^ 3 16x j* *^1 u' u- 3 

(jljli AxdaJ (J^l^. ^»Li ^ Y (Jjl t _ 5 -lc. (JjA.^a^.11 ^jfLaJ dll l_1_jj_uL^JI £c-aL^)J ^ald^JjaL (^ 
La A^jlj ^aLj jA A ) Y A (j) ^iJ .djLLu^Jl ^j-a (jaiuJl diLi.a ^Jl dilj (jj^J ^}-aV I lHaJJ LoiiJ 

.A-atill jhfrVl (j-a ALuuJ 

^.Vl c_m^JI ^jU ^jgjLdla ^1 ) Y Y A<5 ^jl£ |j| (^ 
^uj! ja 1^.1 ^gJjl p — 2 m -1 jl lh 3 J 3 J^Lk cj-^ ‘■^ILj ; (JjjLu^jI Ajjlaj a %>/i ^^ic. ^jA^>j @ 

n = 2"'~ 1 p -^> 

A jj 1 jjdlxll ^.g.Tn ^gJlla 33c. ^I J (j^ ® 

■J ~3 / 2 ^ ^Ldall ^aJalilall a_^. jll ^LaJ (jl ^joj ® 

? A^,l^ll ^Jj Axida cJ_^la (_£jL-oJ (_£Jl]l ^JalLaH ^ Y ^Ja-uj A^.Lui-a La (^) 

^aAc. jj AoLLdll Ajoi^i^Jl W'Ljj'i V ^ ^JalLall ^-^IdaVl ^j2Li^. ^3 L5^1 AxuL La (§) 

^Ig.n^. ^ Aaj^>*-a ^j£j ^1 djLiilall 
^j-a ad^.1 j A^^, ^j-a (JaVl ^ 5 -^ AL-a!La djLiliLa Y * ^Jadla ^uaia^a ^.Lij L ^D® 

Y^jlall (jjjll 

(j) (3^^ L>® ( -‘‘-Lj-daLj^ll ^ A-aialLall a_^.jll dj|jj!i£ dlL^Iaj di.'wI (T) (2) 

? A-aialiLall djl^jli^ ^jc. (_$\ Aj^I Ljj^ (ji (jj*^ djL)daLj^)li ^3 al 

.Aaliiill qa (. i.^,11 ^^ic. Adxa c_jLlujIj dlLl^.1 ^C-J1 
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vi 


The Heroic Age 


/>fl a x OSI ■ a iVlO i ■ 


IdldiJt.-i»ll IjlA <_Jj3 

VilijJl oj\ ddl £cjjIj C5 ^ ajJj£ i—SUa*jl ojfii L*|1,W VI (jjall 

UjjI d -1 LajS mail (jjjjlijJl 4_ajJ)A (jjailijJl pl-al (jaiA^ AaJ jgl A>jVl 

■ UA^ Alg-i C5^ VajLikjjl jV] 
|(J!La (jAii Jg ha ijallj 1-dVI ^g3 <LajiixJl dll jL^jVI .’Ig* j o^jall ojlA djjd J133 
.(Jill] (V* 0 fi l-Vl AV (JLam ( jja jjc.l_m£lil • 

iS A jj3 aldil £as LJUajj (JLam j_j-a Aijj * 

(jlj dijjc.liu3 (ji jSii ^ jXJl 4jda eA^ ^ Ijdl Cy* JalAj'SAj * 

A*!] A-idlaj 4 JA 0 ^Jl*Jl 

A' A 0 dLa ji Jlii . (Perecles) ■A*!' 'A d j*j 

jjlSdl £JJ sLtfaJ ( —djij ‘f l3 ^ A ‘(jhjjllj C~ !$>✓»& <A^ djA-W LSjd-il 

‘d.jjh.all^ 4_ldljAl a^)Jg tall 4_1 Luia1] Ij]jas 5jijl£]| ojlA dul£ ^33 ojjln>i.iVl L_lma»Jj 
|jjb_d joiiljjJl jjl a^jjh>uVI (Jjiij .<—ixdJI 4_ac.Id cAJ (dyAW^^ (_A A ldl_m 
JllLajl] i . it*s a\I j!jdl 4 at-, I , jlr- ^jl c_l| j__d ^jld 4aJlC.l mAI 1 —ilia] V > 7 ' d a 
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ijc- ^ Aa Lib A 'jl^a Uj t (Cubical Alter of Apollo) 

jLa-ij (jjjjbjA t —sjC' 3j . x 3 = 2 Aa^AseJ) (jq-wj x cJ-jJaSt eLij) t jj4jljjA 

L^jiaj t^g3 -i»j (_gmYig II eLuijVI A dul£ 4j£jlLa]l jj^lj {[2 J^*i] 4jju^)£i]| ^jall 

_ IjlgJ (Jjiall 

»jb, a a\ 1 4 li,.-. \ oLlax-a 4_J^C ^ 4_3Lui-a L " \ J£ ^~* dl9 

(^_jjiC_jC.LaiSlji (_Jj3 (ja dl9jc.) 4_3Lui/a jjjj]Loui]l jjjjIa C \j na ^3j jAA^J 

^Aj t4jtljJa (JA 3 jJc. £J^)a 4_^LjiA ^J] \g'l~s\ uiA (_£j LaJ o^j|j eLjojj 4jLaLa (_^Aj 
IAA^J ^LaAll JjJJJ• *al' Aa^)C. <A^J ®A^"^ £4 jA 4jj^)a-a]| 4 JLuia1| 


r 


V=1 


7 


r 


V = 2 


? 

c±i> 



'o/3 




^4 =7T 


_Jj-la. jA ' g Ajc-I b $ 1 L-aaji 

( j\ oiA CLl/HSI dlaaj^ai .13j 

| ALaaII 

Sji!.ilt £jjA ■ ^ 

uxLall 4 ac.1 a _\ 

AjjA' 'A'" 1 " 1 -f 


*jjd 1 ~ ^ aj'iLJI (Jjt^ASI 


ALaaII oisA dis^c. (j (JaaAJI <jA^ *~ L^Via <A <_Ail (jAiil Aic. I.j.u-nIa 

(Jj 3 La 4 j&a. ^ iall A' jaaIIj 
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VI 4-ijlj 

. J 6^)iajauJl 4_iajaj|^J (JjLoiaII ojlA <_£I All V*uJ 4_Laj Y Y * * .Axj 

diVL^-a j djLijJaU^)]! jl^-a c3^^J 

_4 Q i u\q\1 j L_oVl^ 


© 


♦* ~ « Uli ♦* .44 

A_yyj 2i x y a jj i 

*■■■■■ F «■■ IMF 

♦♦ ** f- ^ 


^jl3 LILa (Jaj A-ilgLiUI AjaLs (J(JjLjjj Aiuilall ^cjjIj 
Lp 1 (Jji jjjJIj oLaiL jjlS .aaa ?Aic. Ja (^>^.1 (J’sLi Jlj^j^illj 

Lps ^llxJl ^J] ^£J^)IaJ l" iV'L J3j _ jjjj 3 ^u.^.j'ijx jLi j jAjLaJjaiSLI L^ajt.-»A j p jjJa ^cJI 

(Elea (jlj AfkJij) AjjLJVI Aj^jAaIL tA*j Lua ti_ajc. Laj Igi j£jjj eLLVI i^.j Ln-s 
^Ijj ^JL ajJj jLLu^SLI a*j . (Anaxemander p ,j 0 ~ *-* Y *) jLjlA^uSUi (I) 

;^Jj La AjlgL^Ulj Ax-nUl (Jojl£ai Lp 1 
jdl L>° AliLa jjc. AAC. A^.jJ • 

^lg_l!>UI Lp 1 dojj j (<iLa]| Lp 1 Lpujl^ ALa^Jlj jlj]| • 

.AjlgLV La J] ^gSLUxuj AjlgJ^UI Lp 1 p A^ 1 * (J^ • 

.(Pluralism) aja^*j 1E ._(jc. L&mla IaL=LI JiLa ^aLaII sa^jj 

Liaji ja j (Elea j* .(Parmenedes ? j • - * A •) U-“4HP*jW © 

l^^il LaJ ojlSal _ Ia^_ja jAjLaJjaiSLI I Aj£lj (jdlj oLaiti A^J 

_c_ul ^ja-s Lp 1 ALalS aA^-lj aALa Lp 1 jdddl t. qU,*ij - ) 

AjlgLj AjIaj a! jJ A^jaJI L)^ UJ^ 1 C5^ V - ^ 

.(JLL. j^a aS^^JI — a£j^JI jj LI L$jj) Lu>nl <vLLVli -V 

(Monism) t —^s^c. LLuJa IaL^jI (JiLa ^jLiaII sa^jj 
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4, nljljV 1 ^LuijAaSj! 


© 


jJI ^ t jUVl >ijjj 4 jjjj .(Zeno f 6 iT •) JjJ d) 

gluaVI aA ^.jj dlAlj ^Jll AjjLdVI AjoijAaI] itLa^aj 4 AlLujli] (jjAjjJI 4 jjjAiiiajU 
A uJ,j.uVI A x-u]l jA jjJLillj AAxjII J Ijlj (JJaJI (jJJJjjcl!Lia]| jl£al Jc A J alg-j j£jjj 
^^ Jacl ' A-alat-a ^j■ ^ ^cAj .djUaaJUl^ jSi ^ ^ 1 1 >iq\\ 

(jnu 4 4 j£jj^]1jA 4Aj Ja £jj| iil]j 4 - il <*1 Jn.i J j . A£^pJlj AAjljII A^»AC CLiIjjV 
'l ajJa_a jUj Jj Al^a jj A-Lui£c dlLuAa Jj <iAj]| cr^J 4 jl-aanji Ig-d 
4_uiaLi-o (jaa Jlij J IJ V] LajlaJua 4,-xj-n.xa djLuiaJ]| eAAj . (Paradox) 
j o\ q —>.\x j.i\' £ja (Jjl J-luaJ Aij^judl A -N-dl ^A g-^.^,11 eAA _^£Aul . J>ull 


^ILLaili (aUaaAxja Ail Jc aAlc Aa.jj (_£a!I ) ~ l-a J ^IAjlSI |ftl Q'vla adt J 

A 3-aVill ^ alia-luall (j Jj LoAic « Al-aVill ^^5 (Jji Iajj C ij\j ajalmqll <J jJa Jc 
(jjAj i_j jjjj Jjl (jls SliaiuJt Ar.jjja 4 ii,^ (_Jjj Ac jjjj jjl Ilia J lili _ ^ ^AiLa 
J] (Jjl (Jj-xaJ LaAlxS MAjI C 1 . Wj J 4 ^ 1 ]a jjL (Jj5j Jaj U^J • ^ A 3-aVill aliaUlj 
Jj (Jji (_JaJ LaAicj 1+1/2 Jj-dl ^3 alia-lmll t jj < S~i>u ^ al q-dxdl jjl^a 



J aliaUl ^la/iua 1 + 1/2 
La^aj lA^Aj . 1 + 1 / 2 + 1/4 
a 3j^a (jjj Ijjj£ fl iilJaaJI AAC (jl£ 
J jxa Jj 3 Jj^aa 2 — 7/2" 

t> J-jlUj ,2-7/2" +; SUaiuJl 

J jli LiJ AjjAUall a£^^JI 

IAjI SLLxLalL ( 32 xL 


59 


















VI 


AjjljjJI <Lmlall 


A na. t<i£jaJl Jja.j ^■Ac. diliiy (_£^>a.l g.-a-s ClALi _jiij A -nVI bLa < _ S J] AiLiaVLi 

;4jjVI A !-»*•>WaAI ^ » ■ ■'-■ V' g,-^. VI ailA ^J<aa jji Ja^iLl 

-t jj£jji]| u xJajiLl (^Ljaall Vjlj.a’lml lg-l3 LaJ ) (_£^>V A AJa *A + 4-llgJiUI (jJo3j • 

J^ jJalijj (el.Jail I Vjl j.a’iml lg-i3 LaJ ) (_£^)V A lljl-ia-a + 4£^)V| J• 

Mt&i i 

^ ?oliWl (jnuj V (jl J-iaV (j^aJ L ~ <i .i^ jj sjJjS BjJa Aj^)j-al*_a ^ii j ^Jjjl aal 
CllhVll jps AA^j^ ^ £jJal_jVl jps AA^j^ iai jjx Vj^a 4£^)V| 3xj 4jj.}VI <vlj jjall 
Wia _jjjJ j)j£j (jla 4-llgJiU lil yAiJ j£lJ ,AW<a ^^iaj jLa_a Jl^la j£lJ 

jjc. dilc. j V J^ja.Jjki (_5-^l A jjjaaJI al.ic.VI aUai ^Jc A^^Vl J ilaj I ‘o' Ac .V 

■ilacVI jps 4_i^lla]| 


^>j£I jjjLj j <."iIjj.>iIjj]| jjlaj ^^Ic jjjS joiLi _jiiJ g>al j)l£ aaa diLjaaljj]| ^Ajj 

(JljJabil VllLall) Valxll JJC alacVI ^jj cdli ^Jilj _4_jj\_jjj]| Wall ^Jc 

jjjjAllaj Jl£C ^ dljjij al-icVll ioJJJJ VjJjC’Lnill <—llijl£!l (—ul£ (jl a*j3 '(A mjqxll JJC 
^£aj i alacVI < A i aAig I' (jl Lila. A a la’i..- * ^JaSJj Jalaii A I— yj * £Lia*aj] 

^gS JjJaall (jl£j 4-ijjjgJl A. iq —w 11 4 -LujLujVI Aajiill A fljaaJI bLa dul£ LaJjj _ ^ILxll 

J>al nA J _jiljl ‘ CS-^ i 


JjLi JLV. - Abdera) 'j^A' j* . (Democritus ? J V • ) LIjSjaiJ (D 
LajS Vjill V^liillj Aij^)x-all Ajj^iaj (■“u^val'i J3j (j)Lijjll 

.dlljill j)^i ^j£ • 

^gilg-iV lAajaj jjl^aj dlljill • 

v. Via (jjA$ Ijjc. g.1 ;>LVI A\ wi • 
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(j Ja3/LI jlj jLl 


© 


(j-a (■( m g- J ^‘ IJ £y jjj jl*'*'' eLidVI (ji i_ye J. JL • 

C-^g-ju jA ?. ( _ r uiiUI (ji Jxj (.£<31 J-aVl l( JJ3I <ll ^Ic. " Jl (jjjail ljjl£) 

.(jlxji 4 j!>Ij J JaS/l Jc- jj^ja J J3I (jV 

.(Determinism) J.'^ L SjUI JI SJajJl oIa dajc. 


© 


t 4l«i 4 ~ 

ft 1 ^ 11-0 1 . 1 x ft 




44 

JI 

■ V 


ljuaj 4JajLikjj| £a (_£ j^i3l lg_3JaxaU liul iL.Vsjj ^ j £ V • j £ ^ • (jjjla o Jail J 
(ja <JajLjal dulc. C_]j^3l j*Jj J3j .(jujJjL ajlLL (_juj3l ( Jc. djjj^ajjlj (_^J3l 
(Jjj-nui Jj (_£j^jl lg-3j3-)mi liiil dl3^j^. \.<a IJI (jjjojl ^JjjaJ Jj JjL^ajSl <SjLja 
jja3 (jjlj^VI ^J*a> (ja (Jla.j <J3 ^-a^j SjAiS jjjauj J »j"» cilia Jl JL3Lj (_£jL^j 

^aliaj] ^jllaJlj l_lA|jLa]| I jx tj-i-L jjl <Lalili3lj cla3*Jlj j)_jaL^a3lj cLpVlj jl>lll 

Ijil-Lj ^3 <JLaa3lj <j31ji3| aJL^JI Iliimis (J bl^. jl <3Laa j)i jjli3l j)a (jl^3 (JixJl 
ij^JUa jAa ^Jl (_Jl3l ->m<l 1 1 A ml jmll ^3j ,l“ I's. jIL aJjlljj jl <la 


(_Jl3l !jd <jjja3lj <*-llla3l (^au j j iL 31^. jl^. jxJ LajS IgJiia) LaAljJ dl3la 
(jjjlillj » iLilll3-a Jlj ^£J3J ( j3l t5^ l-*-l3aaaaa3l <j!ll»3l JaJlj i 4» j l3-ilL (jjjLala 

J-L3 sL^jIS <Jal JaJI (JlaJ La lilAj i clljuJa3l <J Ija’s^jl cLjlVl J J1.I (j-« 

<*Ja3L (JjjUIIj Jl3lj jj^Jl cl jj <»ji3-iH ;(<j.>nji jxj LajS I g l^a) Aajlj]| 4_iajAa3l dJlijj 
(_^A ojllj i sLJVI j \ljj-| I <vl q» dall ^IJ^I jpi (_jilA.VI (j)j (jjjl *La 
AalaVl Jaj I^A l»,ii-aj) J^Vlj (JjJaaVl 4_iJal JiuijVI 5-3j^3l (jlj ( l.jU II A (n>»qll 

| jL^ij _ ((<3131 jl) A I <31 <_)3LaJ (J3I <jJal JluijVI lijji (J OJja ja3l 
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VI 




C^lLiA (_j£Ll 4 Q lQ-v\l ^9 j B 4jil£ J AjtJtitAi^AJ 4 q \X kSI J IgjLl 

lall ^ * cilLiA <jl£ (jl£joJl (j-<a £ * * (Jj-al (j-ft ^-l^-i-al! ^ lar ^llj 

# Jj1oj (j-Q till ^ 0 * j .\m\l 

j Ujj! l_ijU1 4_LjUjuj! ^yix^\ 4qjW Clinic. ^ j £ * * — £ V * o^iill j 

Jn)oIjkloajVI 6^lc.j ^Ja^jLlujj Lilli CIiaLolLojI La-lic-j 

(JjSj d\*ia Sjjiill cj^J A-iLal^LaJ-llI AC 4-alc. *0->^ CIlqISj 4 ^Alilc 

# (j^ja!)laV LaC- j Jal^jLaJ IJUaSj lAA ^jjIjjj^)£ U^J .4^^)*-^! (_^jA-1JJ^)£ 


0 Socrates 


*$» § 






Ja!^lui 



A'CW -tW> ^4i 


Jal^jLoj <jl£ diSjl! Iaa ^ 
Ci! jl ^a ^jaaLcJIj ^UilU 

A^ I jJC-J ^jl .-tg \\ j>Ul^ 4 *6^)<Q*Ux)<Q 

AilisC ^jjJtHLoJj I ^jl£a 4 0 

^j Ujj! ^^Jal jIajaI! ^Uaill 4_^.Aij 

<jl£ # 4^JV! -^Axdl ^J.li]| l)JAl] 4.jJa3^) 
^j-<a t-jUill ^)J^d 6 JIqJ 

jl£j 4 ^j.vill ^ilaLoaVlj Cllal^lJl 


C5 lc.J ,w\*\l ^gic. (3 -lLj ^jjaII (J c. (JiLaua ^Uaj s-liJ (jlCVI <C.UalLajlj 4 j! (_£JJ 

^ diiAjaaV 1 i^Li (j! (jj^ cULia!! jjxjj aS ill 1c. ^IjjoJI ^Ic* ^j-aj^]| 

(JIq sIa.i 4»Luj!)laj 4 JaJal^iA j (JIq s-Li^a! <Luj^la \ l*_ila Aijoj^la 4_La ^.L^. 

4_^.ja1I 1 jjIS j 4 j^U-q!j Cjjc.I lia Jlo ^jjal^c. j 4 c^V 1 
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pistil jjjl j3 jft t A-l^.jliJI pLuiVI A»jl)-i jc. I j~i-> I Aa] _ jjjxjjla 4_Luiil3 J J^\ 
aLuiIs i^lljA jl Aj| VI Ajankll ALuilall aAg-j Jal^Luj i. iI-nc.] jpi _ (_£ALall 

j»j’sill jps j»aI t4»ji3ill ^LaJ ( _ 5 j 1I jl>^VIj jl^-AuVI oAA AjjIjA jpa ejlA^. j£&\ 

;Al^j^. jpi (JLjjJ jl£j ?A 1 iqua-a jA Laj jLauVI _$A La I" jLauVI (Jac. " ^gAj l—iSlj^lIj 
(jVA.VIj AlijJaslIj i_ijLi]| 4-al£j j^jxj liLa ?lg_j jjpiTi ^^1 Aj^^JI jl a3Ia*JI ^^ALa 
4 AjAJ Vj ^aLi 4 AcLjjJ Vj a£aj 4-aj)‘s~\ll jl (_jlj AjV A_lial^jiajASI ^x^La Aa] ?4_iiia^]|j 
duAl^-VI jjAjvi jjAll »l ll-iA.il L_lXjjdll (_g3c. jl jps ^ LS^JJ 

aas ^ 1'qc.jj JL^. jl I ^i jl£al j-Hvj aIjaII jl c*LiV ,Ac.jlillj aL^UI i_ij-iAlIj 
?a!jA (JjJasI ^A Laj ? 4 ljt>»all l» -a jA La ; jjllJpuill ^3 AiiSj aJa*.a ^jJa3 
L-UjjsJ^ Jaljkui J4j-aas 4_}jal jLajAll lAli^p^ajjlj -LjjSi La£ — ij)jj]| i"'l."3 LaAjc. 

.^Iac^L 4 ;lf- j (Afljlmil AjV jLmJ (_ s -lc. AjbLa.) 
4_i3 jlc.1 j» mil jpa Ac.jj Ami jij (_g3 Ig la-m jjla^l jV J^»JLaeJI 4 >.-iqll AjAjj 

AjlsAmal (j >»»i AjIc. (jAa^jc. A3j .jl^sVI Aj^)^ (_^9 jlmjVI (jjia.j ALuolsll Ajg m <Jjl 
jLa. A3 dl3_j]| jl AAJC.I LaJjj o^piC. jps jja.null ^Jlj AA3 | aAmJ (_pa3j Aj£3 L^-a 

_AjALia (=ac.Ao] oAjiall 4jjjia]| oAA (JLaJ IAjI V A3 Aj|j ol-l^JI (jjliJ 

(_ja]| jjJailil L-iLjoII jj^Ja (_g3 (■"iVl.al AjILujj (j^lj t—lLuAaLl j }]| (_g3 IAjIj JaljLui (j£j ^1 

(jc. La I _ oAj ^1<~- AaIS 

AlljL^a _jA l (JL^-all |AA (_g3 i Jaljkui 
AjLaic A^i i jy JLui ' t . i» < s^ll 4 ar-l . 

(jc. iillA (Jjl_^3 £Jj^i]| t_ic.l_jJaJ jl 

4.1 j y . « 4 A ,ja ! ( AA a ]| 4_3c-LAa^a i aj j L 

jjjaII 5icUd4 

(jc. La£ _ lilli jaJJ L_klS 
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VJ A-ijlijJl 


^^ l£j _ui l_ajc.I V \ aJjSj JLa l_ajc- ; jj£_1l<JI A qjWi JaljLaa 


lI luj L_fljC.1V 


^4\ u>>q\1 j jj^JI jc. t. 8 *^ - Lj£i Lo£ — a _uij jLj c^L^Jabjl! jc. Iaixjj I jj^I j 


© Plato 





XJL^ULII 



tluJj ^ j (jjJa^j jl£ 


AjjA^. (J4. Jaflj (JlLs Jaljiui] 

(jjjailsl i.'l.Kj aaa .AjLi^. ^^5 

JaljLi Aj*J <^3 SAjAki 4-sg I AjAlall 




4 


AjIaLI AjsJaia]! 


_ uiiblijc.VI jljii.lj 
^i]! AjjAall AjAaLJI o3A Jj (j^jJa^al 
AjI^. ^a (Jljlll Ajj>uA Akii dul£ 

A C-J)\ >-aL«ajl 


jjIjlA liljJ ASj t JaljLu id ja Aic. (jjjdtll j Alal!i]| ^^3 (jjJailai jjl£ 
( _ s -d*li t jjaL-nII AjJal^jLajJll] ljlij^.1 abbsj .*1 j<a\*i\' ^)j < sq'i (J£ Jc. l_Jji 

Jac-Vlj (JjdabU Lg_ia ^£aJI jjjfL (AjJal^Lajall ) ^-3j^ (JdaL AjIo^. AaL 


^yljlujJ AjJal^jjjjVl A-aj’s^ll ^^3 ? AlalatJl Alj.i]| ^A i— SjS aIS da]' (j^J .(Jt^^)]' jjJJ 


AjkUjjdj 3 j3xjj AuC. J] (jjilaljdl (Jl_j-al (_]a.^)]' L-L-^ajijj (jj^dVl i4l]dai Jc. 

! Lk^al I jjd 
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laJl C^P 0 l " 1<v y 4-iLj^l 1^*-^ ! ! VL^- (JjJaSl 4_il^)iL<ajA]| 

^9 \ a n i ? i * n^3o ^jojj! ^jL-^^. 1 (JjJafll ^jc. i** ^ n Ajc-j ? kh\\ (^yiAj 

(JL^. _^A lAAj f^SaJl ^Jl ^jAIAa (Jj^afil (Jx«oj AjujLiuJI 

Jl5j C^.I^)m 1I jai L_aiai]| ^Jt> I^IuoaI! Aljaill 1 g ic. JIS A£9 <1 Ia*J| ^.^juj ^Jc- (J 

Iaa ^j-g ! CjUc.^1! £a &jSlI 1 $jI (j\j Uiij i (_5jill <c.L^joi ; 4 Ai 

^9 A^jj La£ <LiaLa]| 4 In A a s-Laj ^9 ^ilajl ^jLaijVI £_ua u^j 'a^H 

;^.LiJl Ia^J L^.Ajaj 1 JIaII (JjA^JI Axj ji lAA # A^ll n 4 _Aj£ 


^jLuuVI djluill ^lL) 






VI 


Ajj-alflll 


^^3 jAj i LJUajj ^ jjl£ LaAiC4 AjjJaj (JjJaj A_i_aaJ to^a 4 ^jjJaiLV i."lv'ui Aa] 

< ^uIL-a (Dionysius I) JjVI L d* C 5 ^ 

(j-a (J^lj ^AJliLa 4 n^ ^Jj 11 tjjjJailal jl£al Ali-scl 

dlil£j -t _)jilj]| ^ja-s <- L'qTi (j-a Jg_uil 4 l£la jjl£ j] 4 A^.lj Ja._j <■ Vi'l'l (jl lAia 

lag ij 1 LuiS _ l£la Ajj£ (jC laJJ (jiJ la^EAj-^aJ jL ^^c-AIljjj A_iaLj| 


jjlS AA3 JaVl _ ,'matll J_jau J) 4 4 ]a Jl Jc. 4 (jjiailii £-U JJja pljj 

l_ya A air.I a Auli£]| Au3 Laa Luc. (jl£j ^ jliL-a ^2 (Jl*J t gJjjcLnfi]| jl AAlAj-a 

.Aiui A • • (ja ja£V dial A Jill AlujjAa lilliA (juujjJ Liuul J) sAlclj AjA jlall 


Aujjg ajl (.. ^2 AaJ 4 A L>ili]| AjjAa]| elil JiaI a Jc. j 4 aAAJ La Jl AiLiaVL 

AuS^LLVI AuLaL j Jj^&^L| A air- ^ Ja^LVI jl 1 all AiaaAaia]| LuJa^LVI Lll jjl-\all 
J^LLall ~ Lt a AaJ lAA AulaS i^J . Jjtll ^2 LiaJ lj£ dill a ^gull AuiLaiillj LuaJj 
lAoaj 4A_JLuul Jl Jl AjIjLuVI J) AucjJ]| (j- 0 jl ^)ic. JjLI LlgJj Jill 

Jill (j£l Lallj 4 Jaiill ^Icj 4 Jjaii]| AaiSij 4 JJaJl ^2 J^JL alkali SljLuia 

Jill J£1 Lallj 4Aja 1 Jl**. j V j 1 La J VI j jiLi.Vl jJc. ^2 ^^jLJVl 4_aj>uljall A,ATn l L&jlil 
AaJ La£ _ Au^Jlj Aajilnll Jj Lull^. J sAjail (Jj^. ^gjuiJ]| 4_aj>aljqll y-^jj IJvi 


^jj^ui^al^ Aic (JL -t gL_uj (=AJ^ <■ Alda A^aASj A lA ill A-aJj Ajj Aij Jj ALuilfl 

jaC CulaKj Al^)j)g a-^ll 4_ IV (Jc. j»*ulj 4(jJaiLl A LaUllj A LaUll jA (j) 

- 4_aIj£]| lAA ^^5 sA_ja I glaj^ d'l n’sall I j3^)^.l ; JL laAic tF AuLlaLJI ^ 


M 

^ y^\ ij\\ J 4 Qi u\q\1 a LiJaj| ^!lA I Jal^)kxjj Jxj 

u' (_£ Ij ^3 # ^ Qj ^ a - 4_j 4 \1 — L-jLoi^J! 
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Q ^ ■ alaall 


Aqjq-tll jd ■r j^l ^^aLjiij jA (■'~il j n>ilj^)]l A_uiIj3 {ja 

33jc.I C n-s j^all (jc. » j 3ja._j>a ^-3ljll ; LulsIj (jlS A_j| jl£ai 

|3^j^j]| ^ya jjjc.^jj 

.AjtLalLi 4 ^j*i.a*all (JiLa |(_£3La]| ^]LL| • 

.A-a^^wlI ^llc. jAj ... ( j3j-a]| 4 4^j^)ll (JLa jJlstJl • 

V iLLa A-ud^Jl AAlkS t (_£3La JJC. jA La (J£j ^^JLLa JJC. (_j3La jA La 
A__xj 3 .1 ^-LLaJ Allla»]| jl£aVL <_)j A^a^au^all A_L^a]| j (JlaJJ 

^j-aVi Lf^J ASjiiaJI ^Isu 3l3c.Vl A-l^jIaja - dlL}jJalj^]| jji (■_ l-yj ^(JlLall jI) ^LLall 

^Uajll C-lLotaJI ^lc.j 4 ■a’s-wll AL-Jaa]l ^jg q.a A m3ig llj 4 A_LuLAi]| 

e3A dul£ 33 j - ^LiI j )jji]| a3L}3j 4_i^aSajj] ) (JLaC.VI (JL^.jj (jJJ^Su.mll 

A_Liali]| AjjAa]| <vLiJ <La3£a]l ^^A jl£sVl 
Aia]j 4dljWl,all (_jjj jA aJLuiaI] ^C._jj]| (j) |AJj 3 jj^jJailaV (_£_)*-! Lmj 

dl .' 1 '**' ] A_uilj3 ^Ic. ^^ 33 j . dll Au-allj l_kjjLtj]| ^^3 ^ ja_aA_i>iAl ^J] j L~iH 
o^IaII Ajm.Vig 11 (Jl£jiVl ( _ s -lc. A_i|3j -llallil iLLaS .Alu3aa]| jij 

_Aldaflil (_Jjiuia J) £3jld a_)jl3jl ^Cj 

_j^3 4 A-aJaiLall dlLuji^-al] A_i_*ald e^jlaj (j^jlailsV (jj£L ^ r - V (J^UaLa]! lAA i^ya 

33C. (J£ ( _^JjjC.ljji]l l3xa]| ^jjl dVL^. Aj3La]l dLLl£]| J) jkj 

(■"ll.am-N.all (Jili. (jj^ <■_ n^^)l]| jjjd o3A ^)laj]| A^^. j ^j^ij 

jaJaila]! o^C.L jj 4 (_)3a^)VL 4■ i» < s^ll Aj A,inllL 3l33 _ A ..'aAll A_aiaila]l 
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AajUjjl 


ji I^1^.1 J 4 S-LaIIj Lg_^.J ^JJ^)jaJtJl jij $>l^gJlj c h\\A\\ ^jLfcJj 4 jUL 

jps <vLall jUlc- ajAUa jjlailai Jajj3 1 2iViLa tilli (Jili. jpij jjSJlj l^a.j _jAc. 

\J* La£ lff'jl'K j^aJ AjjUxjS (Jjli. 


f 4 +w 20 - 


>2A 8 + 2F 4 


t-\ j_j-a jjjji ^^JaxJ lg^.j (j-jjtan 1 <iLa]| Sjjjka o J^-J AxjjL jLiJI ji I^Aj 

^3 jjlJj]| 3-i->V _ J^-J £ l.agLa (JSJ ^ jlj ^jij (e J^-J A 1 -ag l-a 


4+20—2x8+2x4 


(jjJJjj&ljjaJl ej£a (JjiSJ Aj£]j jjJailai _j±jji9a Jj-al*-all ^Luu^ll (JjjL V (ji ^JuJ-all jts 
oiA (JlLa jjV . (Ajjm^ll jjc. ) AjxjjUI j.iC.Vl SJVAJ jj£3l ^g-9 ^/'l^<al (J 

. jj-aljxAl Ajjill jl.ic.Vl (_jA i jt.-ilg.all 4 JtJeVl 



_j£ 3 _ jj ( _ s Jc. sjjjIj (_£JL<s ja £JJJ (JllLuialjjll ^3 jjlailji 4_laAl ji (Jj£ll j^aJ 

Jji (jli illi AiLjaVlj . jjjj-^ilj jll l» ll ..-l l^j Aj£]j A aKII f^g I* al LljJaljJ jfL ^1 

_o^*j Laj jjla^lai ig r- dul£ 4jt>iljj]|j AjaIxJI jjjljjll jj^Ja 

Si- tilljA AILalij l*i-\ w-iK jjJa^laV Llal Lil^a Liiil .ixj .'J, Jaljkui Aalx-o ^l.ic.1 '■* A 

ji^ia laJj 4 liii) jjiailii AjliAj-ai j>i» J A*sjnVi ( _ s Sc. e-ljjj illil . jJalAallj 






j> j TAO ^Ic. <LuijJLo Liiii jlc. Laic. ) \ 9*Jj 

;ajjg uill SjIjjlII 1$jL ( _ s Je. l_uS 99 j (jljjJI eL^jl ^j-a> 1 ^c.UjI <vL^. 

" J^AJ QA 4_uijAaI1 JaJjV " 

;4_uijAa]| ojlA £-LjjI i_y& 

l> j^' J) JJa*3I i iaII II (jlS . (Theodoros) O'JJJAjjj . CD 

*J~2 99*JI 4j.at.-ii ^^Ic. O' 0 cJj^ .a (_3 VI ^ ^Ic. ^^9 4£^}*_a ^ dlLa 4_i£]j Lml 

, W ( Mi i ® i T 9l9c.Vl JjA^. 4-Uu-al tilliSj 

cUo . AjxjjISVI ^uaid t> U 1 * . (Eudoxos f <J Vo©-£ > O) (2) 

4. -v.' ■ ■■■- jji M • dulS i'ia dlLijJalj^]| (^J A »■ ‘Aa'lj 4 a, ]' j L_lJa]|j 

4^>1 nia <j! ( _ s -lc. 4_jlA j >J ^aJ "lA^)la3 £j^a 4 nu\ Via espial I 

La£ jjjlxLaj 4_i9Ljaj 4-a£L^a jjA lA^)ia3 t c - ■-»' ^9 ' g la-la. ■* t el-la. 

dulS ji l&^jiaa t. ^9 \gJa-A^a t. A^aj <d9a. (jn ^>j£i ajjl-lll 4*s\ ma dlil£ |jj | t _ s -5j 
jjc. (jjjjjl^aVI (_ps ii.la.lj (_JS jL llSic-VI ^-Ic- \ iIa^w'i l" il t>i4' Vi ^tljj ^ L>° (J^ 

(jlaij 49l^)ja ( _ s -lc. .iVuaj IjlA^JJ liA (_5^>j ) 4jj9*-a 

^Jaa]| <_s jc. ;.Ljjlk^]| *Uil < - ~< i>> n < s l .(Menachemus ? 3 V®> ) c>“ J a J^ ll A (D 

^Tw^k ^Ac-L^a-a] Jajjl -\a\\ ^VnJ j # ^j 15 -lajlLai-o ^Jalaj <j| (j^aSUll 

A-Ltaj j! A-iia^Jl ^lilLaal cilli cJ*_sj j . c_ut£-<Jl 

x = y 2 , y = x 2 /2 

liLd 4 j1e. jjjJailal ii.La (jl^J . y = lj~2 ^^9 ^Ai 

Ojjl^lt J <LojaLuia] 1 Jai^gjasdl 
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VI 




ja j (piere Wantzel)) JjVs jm on <0 A j 4->'»j^?J' l> 

yj~2 -J 4_l9lVa 4 * jjj i ,i ^ 4_x_ia9 g-ldVl' 4 \1 ■v.’i i ,.l o^alLall ^_lc- 4_jLa9\j t _ 2 

4 4\ A*Q*^ 1 n A \ 1 L> J) L» \ t \ 


Jj £)u\\ jjc- I^jI j.Vi^pU Jli <jjj j/nAl 

S.l^.1 j jj ^9 ! A-alxll JjjL j <j-al_^ll 


Aristotle 


( e jrrr _rA£) 



© 



.liiil (JLajuo Ajjj-lLa 4 is^J 




(Astagera) Ijj&LlJ ^ j^J ^j 

1 jig lx ^ Ii. ..jl i ^q\1 [_yax J j ^ ■ dJ 

4 IV >✓» olj^. ^ IgJjj (Jl jxbU 


^^9 jL^jIVI (^j o^jIajJal Lax 

4j9c.Lx 99 j _lc. d_j4l t, ■ uadi 

MiS' A! jixj Lojs c _a 

L_fll^juj| i** 1^*1 ALoilill 

# Lalc. ^jJ^jjoiC. SAaj 


(jLuijVI t.**ilQi4$l.v^»\l ^jc-j Ax_nla j (jc- L_n£ 


S^LuuJl (jjjJall ^jj cilli ^9 C5^) 

(jli^Ia]! (jjfLi cJ^joj ^^9 ^JVO L** n*\ Ja-uj^llj La jl^ ijaj^ll 

l-^Aj # Ali*-ia3 Jajaj^ll (JjVI 

AljjJaS » (JjqifLll (j^-J 6 AljjJaS t(JAc Ac-l^-udll 4 \ n 
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^3 c_iljjc. ^3 c_ilji.^-»ll i. 'aVi-Lj V AjAjc. _^cJi ...r j*m 

Vj 4-llLjjJl Ajiullill ^aLIaII ^ia» a jjaj lAA (J|Ajc.VIj Iaja jjl£ A3j . 4 mAlg IIj 

Aj*a ^ \c. 1 j i*a < LaAjc. i SjSIaII ^-3 lAA Jam jllj JlAj&VI AjIaj fLaSaJl AjJal jl 

. "JaljSj 4^ V" ajUc- <^3 (^3 jlljjl 


<Auila]l Je. 4-laAl La ^Alj "(_g^ jIiiaIIj" La _jA jinmji 4_J ~Lal La 

Laj (JI-naII lAA jj3 alii dua tl ^^3 4 _jAAa jA 

AaAAa^ AaAiLa Aj ^■ >»*ij 4^3 ( iAAaIL A_S^^)x-a]l Ia_1a]| ^AalLail 

Lia t jls JaljAuj (jil jLuajl JaljAui l jjli (jLaijj (J£ |(JLa 4_ajljj w^i 

L . jjl t a A 'v ^ \c. i. _iAAaII lAA Aajxj 

M»,j>a-»lLj IjjJaLlj (_£a!| ^ql-ilAll ^HiLaVI (_ji (JaC -Y 

" C J\ A C J! g^jd B J B J\ ^Ji A 1 jj " 

Postulate ^a Lh a I I (jAill JS1 4-adaljll Axiom ^jAaII jaj jjs -V 

4-lj-a^-aaJl 

dlLalaAA £daj ^Aj (aA*J ^Ajlsj IaAajC. 1) 4_lj| jALuiVI 43J^)ja]| ^3 JaC. -£ 

Jg 1 a3 a jlrsll jl <aLaa!I Lg_i3 a jiaa (j£ Aajxj dlL^Iaj (jlA^ill 

IjjjjliaJI (_£Aal d-d 43 Aj aSj AjtSlj (JS j Ja* 1 . -® 

V=©+\ (JiLa ( a j j * Jail j 4_i3j3a • 

jjL^»C. ^A (Jja ( 4_i]ala • 

liui ^ a !j blLa t AsaI >aa • 
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VI 




tA JJ-a\i ^ jlaJl ^ (jjlaiW VjijJLo] A g jl >a.a 4_ujAa ^Isl A33 clUi 5jLjaVLj 

(J^.j V * * 43^>j-aJ (."'Vi (jl£J _£cjjIj]| ^ jjh"\A tJ 'i-> Ij ( _ s -alc. j£^a (J ji l“ll*<a dl 


(JajlII ^^3 sjAc-Ljj ^LJLa. ojJ jjJa 0 * * LaJJ (JaIxj ) (jLall (_p> 4_jjj A « « j 

(jjAj c*1]a (J£ _ cilia] 1 ^ cJ-aC' La£ (J^i]! £jli<a VjiIjAj ^liij j j^aJl l—fijic^ajllj 

.Vc-io^JajjiAJ Ja33 IjqTs.a <_)j (jg -^.a — (jl_)j-a — jiajjlj ; (JiLa) (_}Aj 3 oj&-^ 

^3 4 ] ' Jdj jJc. (J£ ^3 c_illaj dlLadLlna. Vail ^ua AljlA Vj£ £jiaj V] 

t"iaW A33 ciliAjj 4idLalIiLjjVlj dlLj^Jaiil ^1 Ic. jl a 4aAjAa_a jjc. (jjALus 

4 <a< L~~'a\-^'i <L^.ja] 4_ulj o^a Igd jL (j^aJ V dbiij^a JjS dl^SSj Ajjljjj]| A a. „U\I 

)Ag_I bljlLa da3j]| ^^3 1 Ig.VjJ (_£a 3I ^3-vsll jjjfL ^ajljjjJl P 

aI£j^j ^aa£ c_1 j■ «a a c_lAa. ^ya lj3 jk 4_c■ '' A Iilai^ai! dLa^Lt-all ^jl Al 4 LaLaJ 

( _ 5 Jj| lgjlc.^)SJj ^jlaJl aAljj a. ljmj A3^)La liijSC. j ^Luilall jjc. ojj*-1a]| (jjllaJI \.i3i-yi 

/oA^. A q>a]3j j_JjjiLiLa j^3 ^_ll Ig’i'^La. !■_ iumj A ] l]illj L_ll^)JajJaVlj c^a^Ajl dlAl 


© 


^JLJU UJIfl « V* ^^4 i 


U£IjA] (JV^. (jx \gjlc. (Jj-aaj ^]l*Jl |AA (jc. Ujl£ai jUjc. 1 ^j-ai As] 

4_lkAalj j )]| ^jjj| ViJaljj \ 4 Mi/M ^Um-nVI jjl A3JC.|j ^ m-\ll 

JSu' (_jlj A33 ^Laj^ajll jjc. ^ilA (jj^J lillAjj dllAa.iU Aaa. 4_L-aj 

A ql’i-s-all (■_ AumVI (jjj jjaj 41 ^^-aa JJiaJ ( _ g Jtafla (JSjuA ^^3 

Lajji^j Aj^iAI 4—lLikjjVI JJfii l. luall (jj^J IjALa. J^)3J ( _ 5 ^l 

<3 (j£ 1—1 AAa3| jA Aic. AaIa^^U j_ja 1J^)]| l_SA^Jl i^Uajj 

. UJ^' lJ 
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© 




dlC-L A^^a-J ^1UI ^3 (j£ .AjLi^J ale- ^j-<a CllLuij _^Ia-uj^)! UL^jSIIlg ^jl Ja^.^L<Jl 

(jlS £^joi (JC- C* A xVl AijiLaJ £^jai cJ^J A_ilc. (j^ ^£>1 ^ \)^ ^ u^ij\ ^.1^.13 

Sjjj-all (Ja.jJI (jli I-^a j # Aic. Louj ^£1 jj-^1 (_5«yij LgJ fi^Lo 

(jjWHJ 4 Lg-1 &3La ^jjW\l ^jlS Jiiallj # LgJ &3 Lq (Jiiall ^jl£ (_£3ll 

AjJa-alc- A3J^)laJ (Jj^aj <j! ^Jj L ^JJ 3^xj I^Aj .S^LoJl ^A A x^ijjdH j 4 Sj^k-ol! 

(jV lllAJJ (jj^j V ajjj-a ^)jju ajLa]| oJSA (j^j tls^Uaj fijLoll ^) j-^gj ^Jj 

.oUJ! jl x«Vnlj O^Lol] 6Jjt/i'l jjC" AaMl)*>\l (j) .SjJJ-a ^^jo) 

<■_ $3LkJaSLLa ^Jajoj^i (j^£j Ajt_nJa]| ^Jj a3& Aj^)jaj 

^3 4 Ljajl ^jlS 33j < A-jlgJ^Ul J<jJa3^) ^3 Ajl-o Aj£J j A^^aJl 

\\g ~U 4 C_a3 ^aII 11a 

p 4 Wq‘i\ 1 l^jLo ^)^.i 1 xu3lL-o>a k j (jjS^all ^j-a 3j ^ ^4C> 1 ^ iq*<i n a £ ^j£LJ • \ AAJkjt 

^jaLuo-oII <■ Vi Vic. . ^ ^ J^) U^J)^ UAcLui aA-gI^ S^j3 

V ljj£ij AcLuj L. .A.wn'i £ ^x!3Jjola]| 

^3 ^)JC. <3Lui-«i ^Ja3 ^jJaluij 

t <!ii<j ^it- i ^11-^1 j o^-j 


u / 

<j^Iil«a ^)JC. ^ A lxAJiIall 3l3c-Vl A-C- ^ bll^S ; ^j^aSLiil! ^JJ A-jl^-j^! • Y A^^Jj 

A_i^. A-C- j^>. cdlil 4 3AxJl t.**^^ ^)i_j-al A_i^. Ac. j-q_^-q j 

A_i^Hxg ^j^^Iluj 

l ^ i-v \ A \ ja-n. (jl ^j-a i >»1 A_jL^_j^U| ; 3A^^it 
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/)^3j ^LLl La jAiL Alicia 4 a iq! i.-. a «^L.a {iLLlI ^ ■ aAj^ 13 /A .a i ;/aI i * Ja ■ u^j (, _ 1 

.U^ La Jj 

1/| AiilijJ! Aidsll 


oo 


1 





^^^. . ^jj \ ilia t^lLa]] 1 Q . V ^ * 1 y y y L ^ L . '■ J^' aII^J ^ * ]1 A 

^jAjAjjiVI Jjl) l . 'jlj* tilLaJI Aiil £tj^aj (_£A]| jAi£jjiVI 
A ■ajlalj jAlAmVI L iuajj] Ala^jL ^3] j3-imji o jC.Aj 
1 .*.'-.-^. /. a 1 4 l*Ti ^ ^ 1 V l .-A v1 ^ * jl A Val ^jiiiAj^Jl^ A a l M 
Aaa J) lg_La c_/pJl ^1 c_ijal 'Lie. jj dulAj 

i J . -A' A - a c Ajljj-^i AAl^JaJ /j£L3j Li jjt-ail 151 jj /IS 

/gj^jja /(C. aILui LaAic. Al j_pij-ajAl jpa L_ll jAajjj) 
Aj/a 3| (J.a-d ^15 i jlnmjV Alia_aj 'Laljj^.l /pi ^aC.^)]ljj > lillil _ (4 mYlg II oj...-i1A.a 

/pi jjAI (JaJaflVI Ai^)x_a ^^9 YiLi^al Aa] ;bUl3 /j^pjall Ll/lc. ALuili]| /pi 

£laJ jJ t4»Jl3-ill ^ tAjlgi^/Ub jjaaujl /Laj| ^aAc. /\i IaA& j _ ^^jjaiui £Luijll 

_oA jAa-a JJC- iiilLa-a ^_L- oA jAa-ail JJC- dll Jalmll j j ;Aa’ill /pi * Aj-aVi 
j3-lmji /pJj Ad /jlLji (/l.W Ijjji < _ S J] AjAJE.J jJ^pjall /pi jA lAmV I ^ J^-J A*pJ 
jjAa^a (_£a 3I) jAifLaLU .Wi.mJ /I (_pa9j (_£a3I > AjA. 1 /pi JiC. 1 ^^le. jj-imji 
jAjS-uiVI ^LaJ ^a] iLIIa /)A3j . ((JjLall /pi (_pi3Ja]| lAA ^1 »a Ail jAjj - i_axjL]| t _ s -lc. AjjA^jII 
_A*J Ltd AjIc. /yjliiVI 3-iA jui /pi Al j (_$a]| j^VI j 3-i>ajV (JliLali 4_al5l /pi 
jjALa^JI djJaaiil A33 lojjiill dbalij Ijjji ^^3 odj _jAjS■ mVI d^a AaJj 

^jaLJI c_ij^Jl AjjUII (Diomestin) /j jLu ^ j a ^L^aa l^%3 l ^1 4pdli3l 

Ailc. ,-/ c Ajl jAlL j3-i>a^)i ppLl A33 | (JsiaILij _Aj ^-a ji j3-i>a^)i ^-Lu dAljj jaSL^JI 


74 




■iSj .lilljA .Vin-s ajlstJl La£ 4 jjUjJI *■jLi. ji dlli (jjj 4 j»|jlc.VL 

iuj . <Uj5 Je. i (jx ^jjjiil (."u.’ic.i jjLjjJl (jl Jlii V ci^ 

YI_ ^ ^ ^ ‘ -’Y^' * * Ll ‘ -'• ^ ' 

.Laic. Y Y o^yiCj a (_3 V Y Y ^Ic. ^ tjj^a^all jjj ^Sc. 4 1-ll^.j dLa liiil 4 £jj qa Allis 
Ljajl Laic. YY sjaCj ^joill 4jAi£jaiVI ^I^C.1 .ill 4 (jJJjauiJj 4—lj-L Igjli 4iud]| j_ 5 ^J 

^h&VI lg-a£La. liul dAa9 4 l^_L ^Lic. ^gjjl (Jildj 4 Ij£a j _3ij^)»-a JJC. (■_ i\, naV 
(jlijJI ^a-<a ^5^ ^-«iLa]| (Jji lillj (jl£a 4 ^3->C.VI Ig IjlrLj ^Ja&VI IgJijajillflj 

.jUjjJl jai 



dalasi*]! aIa^J Z, j y e-ldu] ^jlfLaVlj 4j] Jal^a^jjA Jsl^V (^ 

l/y = y/z = z/2 

? dD3 l \f\ m 2 nx^Ml ^).laJl ^\aj] <_£-iJjj 

|4jaVl da^j^^H j)J-axjj_jV \ daL_ulaii]| (^ 

f 7 = 2 + 2 -) 

?jjL^iV I3a*la J* j^J -V 

?4_^^lall ^^-0 jaLuj - £ 

?(J3Vl LS lc. -1^1J (Jjj-lL-a ^J^Ioa^J 4_ula^ ^ dj|^£ ^ajl d v Wj 13] -O 

?(JaVl ^^ic- (jii^gic. ^jli^j ^.Ij (jjYn^i dllagi (j^plL-a £ ^ dalj£ da.1^j 13] -“l 

?dLl ja (l^"^ j^) i^.3Luj Aji^j^iii ( a *^ c ’ ls^ _>*0 (jiA^a u 1 ^ ci^ ^) 

?^gjuula ^.j jl L<ua (jaaljli]! ^aaului L 3a^ ciLl^)j (^ 

‘LftLui-a]! Ig.nj (j-o djbalxoalt Kz. j)^>^ ^-*3*^ LoAic. t _ s _iJalj^)il l^-ja^Liui CliL-axiAll (^ 

? 4a^alo _jjc. <o j<q><q jli V 

Aajl^j jac. ji Aaal^i aJL^J Lu:1^juI (jj^3 ^jl ^-ll^j V ci!13lj lijc-j ^ *^j3 V @ 

?dU3 C5 Ic. J^Iaj l 3a£ ^jaj lixujj Jlca ^lalljj 

A_daa^ UJ^ o' (J"^^ ^ 3a£ ^) 


75 



J (Jjkj . L$^y iJ^L--^ l£ ^_}jjI_^JIj ! ( JJ A * , * rxA J cJ^-“ ©^)AUa (Jfll (8) 

4jj^ ^ L_LJ^)^Iillj ^)j£fljSl J!>U. 4,Vn"u*n olLa ^ (jjC- c_all <jc. ljLi^.1 (JLtll 

.(S^Uall ^Oj o^Aliall S^)&Ua]| 

? jAiil] 4 "vj^kx.^1 AjL^Ja (_j-a cilljA (JAj ? (JiixJl a.lV'uii) L d-j£ cj^J 


yii 



Q 

*-1_1 

oj£a (Y^J (Y 0 J‘ lift (_>o4_i3 (Ja-mj jjlS (_ji3l Cli3j]| ^g3 

jAjSjaiVI c“l\.*s jj 3 Clli^j i gj>)Vill S_pl^ll A^Luia jjlA^Jl (JiLk ^ya tAjlgjiUl 

LaAic.j jJlsJI ^Jlii g^' £joiLuoJ| lAjl-lILal jl£ ( _^j]| 

A_ulj^_l]l Ailill] ‘- 1 ’ ■"' ' ■~' 1 r 4 ^ . V y‘l ^ ^ A i ** '1 \ L n\ l r 1 . l “ ' 

j-ljS-mV I (_Jj 3 (j^a A-jjA&mVI f'-vla ^ia 

(ja.j^ j^ j i^j f j rr\ j^Vi 

Ajl/iL^. Ig-l3 £cj3j AJLu^alc. g]jVI 
t<- <l->'l.all ULcuJ t (Jj 3 V « • ale 

j Ajjj 1 • « « • « Uauj 

^ l_j "l £ \ ^Lc, lg yja, 
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yr-3 <_sdl (Euclid f (j ^ * *) jjjiAllaV Aji^alaJI eAA ^^a JjVl (jl^ dij 

IjALa \.a)->l.a jjl£ Aj^lj Ijjj£ E^-a AjjiSJ (_}j.illa] jjfLl jd i^lldlj ^'qjm^dlj ClAj^j-adl 
j 1| ^ I_jdlc. (jjill ajijlj*JI Lg_dj (Jj-a jj An>ilj^)]| ^dllil] 

Sjjj-aa ^ 4 Soled ^ lo^. Ic. jU ^oda) (jl£ oiij _ AdUjdl A m.iig 11 


© 




4 il]d ^divimli "Elements -^><* 1 ' wll" aLajd o^Jj *•.'l~iS ^ lg».a-s ^ 4 a 
4 jl£aVI »lia-a j_j-q ^Aj oaa _ So^Jj Aaj^^a AdaoVI (j^s (JE^-I Igjid 4 ^-^ - 1 jg •>!' jg *..-» 

Ae.j.a-s.a eLalxJl J e^JJJC.1 jjl C_1 jluiVI 4 (_£^)£dl ^IdVI lOA ^^3 

jjli lilli AaLjaVE _ jj>.-iidl ^a (jEdVI lg-J ^13 AAddl al£l^dlj jl£aVl 

^ (JjjjOj adj>a dJlj Laj 4 £cjjE]| ^ ^^jJaLij c_lE£ Jjl Oaj " ji.s->\ ddl" L_lE£ 

jAj 4 Ig-djj (jjjOjial Ig ».a-N la_)^ 1 V (ja ^j-alddl (■_ 'ES 4. 'did .jjVI 

Ja| j 3(jjllldji (Jldal ^jjdjjC-ljjill ifrddl* 1 JyxJ Edjj 4 Igda (_$) !■_ jJjlJ 

.^^... i^ J) t d ^0j' c 


^gill-all ^jlVnll J \ g jlc. (J^iC. ^j\\ AjE^ja ( _ s -lc. ELaJC.1 4^11 j ^Jolal OiSj 

OOC. Jal (_J-Q IdiE (jjfE dA 4 ^-lc. A.j'll .aim-all AjiJlj " l»,ll" 

jjS-aJ 4(_Jjlj 4jj-^ aliio ' ''j-n. 1 4 La^klLaui OLaL^allj 4_kjjljij]| 

^ A-ulajjall Ajjlxa aid ^ 4 ljd£ (jJjd eAA _ "(Jdj (jj-^ A .di3 j 

ajl£ai aid ^ Ijjimjj Ljaal cdaik 4 (Newton Principa) 4 jI^ 

. ( Spinoza’s Ethics) dpld-Vl ;AjIj£ l^ddi Ld^Vl 

(j) (Jjdl q jt.all (_j^aj _^cjjIj]| (■_ Aa^)C. jdlj jdac.1 ^j-alddl 4_'1,'iSi jjl£ 

filial (jl 4 _s^)jlj jjl jjjA 4dlL}jJalj j )]| ^a eljjjSj aJLuij ‘LJL^. 4 a^)-dl 4jl^°d 

_jj-alddl A-ajjl IjIjS 4_k]| Aj|j ^ j T» < AjjAiSjoEH ^ ( _ p jdlc- 
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4jmYig II ii j»Lia]| jL^.^)s]|j a^)JaxaA]l ^l.'lVunlj (jgjjc.VI (JjL^. ^ 

. \l~2 iSj^i Jj^ 3 • 

^11_Q^gj ^ 


yj~^ (_^jLjjj (JjJa <vLij| ; ajjlill £JJjj • 

^9 | ^luj9 .39^ 4 ^ V - ^ V - ^ ^ ^ - V l^c-^Laal J^C. A * lau \ * djixLjautt eLuajI • 

^ V ^IjjlLallj 1 ^ ~>tl -v ~' l I L . .'\ (j 

5ij^ia l_iLiu£lj (Laic. I A oj^c.j( W^"l ^alc. (Gauss (J- 3 ji) 

<ULuia <Jji IjlA jjl£ Ssl^ 1 V ^L>i.all (oj)-).a.all 4 lg-J ^ Lin 

( i ** 4 i l '^i \ L A L.ifli jAjj j yj q Ic. (Jx^. ILa # <j-uj Y * * * 4_i£j^>c.'7l ^La^VI 

if jJl iA xa.Vlg \L (Jaxj Lade. A. j| j£dil t jj^ll mil Igda ^Ic. dlbjx x^ll J 

Lai # L^c-VI dildli aAjLlLo Jalajj diLlild*.] 4 j j!Loiaj LaLaj L)jd£ ^ A 

( ip,0) , (0,i) (jLiLlLa) Lu**^ q L J^ijaijj jii£I ^jl£ ^ ^.iJal 

;4 ^ jl ,^ ^.LdlVI -laj^)d dl_ll£ .Li! .4 -vl «v\l 4 LiQ ^ Jixj 4 Lq ^ ^LdlVI 

AT? A^oLlLuix 4jtJaS e-Laijl ^iialLauS (jl‘llaqV) J} J A ‘-^'^ U^ ^J “ ^ 

(O, AT?j 6^)jl J *ldj] ^JdLanS 1 qutia SLiax-a 4Ja,flj * j \^)ui<q AT? U^ lit -Y 

# (_£^)dl <-ajiLai-Q 4_xJa3 jILLaJ aL^jl ^1 aAiA-d ^x-ilxldia 1 quM/a AS *^4^ lil -V 
I^^C. AiLaJl dlljl^^lL (»Li£ll pLdjyi! SAdiXAll 6^i^.^ll Aij^)ia]| ^jl 1 a \ c > >## I^Aj 
^Aj.llla'^l 4-uod^ll dllll^J dl^Ja dlljL-vll oLa .dll^all L)-^ I 


J(JLa Jli 

A_<uLsk£> £->15 j\\ (J jaL 11 £^)-a]| J-Lbu ; (JlSj 




4 .■v'i^ \1 ^ (,_jj^ju Lai Ll^-iA Jutj 4 _^LoLuia]| 4 q ^L>\l ^jjjAaIsI Jaillujl ^j-ilil, jiLall ^jjjL^ ^a 

<LllLlLa 4 -v j-a jjj| (jl ^_k !? 4a-ja.^ 4 ^ 4u>»qll ji (JckL dxjal (_Jak ;(Jtxa 

(JjuAjulJI jjSj iblil-a c Aj 4u>iqll (_£Cjj (JjjkaJI jpi 


Aj <—A 2 


~<—A , 


_4_ijji4l 4u>»qll C*jj jk ^)J jjJl 1 g Lflj kiki4l <UkJI ok ^3 a C*li t -~‘ j*s 

C'l^l'i l~Ui.il (JiLk £ullu]| A^>.si ( _ s k. jk^jill ej^Lj-j AjjLalukl 4k j >Ia]| t_i^)*jj 

IgjUuU ( jk^)Jl jt) ^LisVI 4.~\ >✓» 1. 'U-iTi AAj^all Ik ^3 .aJIjILis 

4kuua Jaj^jCu j^C I ;' ■ ^ ji . “ ^ j ■ ^ A f (J 3 kI — I 
^j_jJai4l jjjljij ,* w-i c j (_j^jkl jpi A j Ca3 <- <k 4 _ 5 -Calj^)]| (_g J-a ixllj (J^jall — c_l 

; Jj-aljaj| (_ja ^1 ^j| Jkk jps 4j£l^)Ia ^Allal (jCajE. kli <_^9j 

'A >u.ak (_jA J (4ijJtA JJC. (_^A j ) lg-J l—SJ^xj]! L_laj (^ill \ 44jVI ^jAIAaII - ) 
^jLiaJ - jjj — p.1 Ci .V1 — ^jQ~n...rt\l kk]| - A >.a >U 

; 4j!iIj gjAj ; diljg j.\ill -\ 

.Ia^Juj L<u 9 jjLijLuiLa Clill'll (_jl_ijLm4l (jljlciball • 
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jqn 


a. 


n ^jjjjLolLc ^J] .1^.1 j (^^la jl^ AiLjaj • 

<j>a (J^ll • 

Jalj Clboulj A jgi.Vig \l j fk\x IL) 4_ix-ajj«£xk (J^jUL^. j • CjLaIulaI) -V 

# dllc« j^Jzi \ jJajl < _£^)xj j 


c. 


(CjIc.j; a Ljajj (._ <j^xj) CliLaLai-a £ £jJaj 

1 ^jVuu^ ^jjlla£j i^\ - ) 

(A aiquhaH A 9 Uq\1 L-Lj^xj L_L^.jJJ IdA ^ ^Jax-o A ^ 'q“n^ <xJa3 AjAaj - V 

# lA^Ia3 L j Ia^£^q ^ 

6-ilc. cillj j»JJj 4-ajlall 4_jjl^]| l_kj^)*J Ldjl L_t^.jJJ LlA) 4-1 j\ xaLa 4-ajlall Lllj^ll <_)£ _ £ 
(jjJl ]^a (jjc.lsui (jjj 4 jl3|^j]| 4_^.Luia]| Lg_ij ^Ic. 4_ljl^]| ^aJ 4_iaSJ (j ya .il^all 1 Jt tail l—S j^jxjj 

^4_iakl]| (_y iSJ 

(jljjljia La^-ij (jj.ajQ'ii.a.a jjc. (JIai) d^.j _jl_J-« eLLil (j^asJ ^sHim ^ _jld 4_iaaj ^a -0 

.( jUil V Ul£ tit 

dll.aLa.all dllS i^llilj t4_IllilLa]l Jalajll (joJ dljl >a.all (_£jdj l_aj^)XJ jja j -1 V 

oJLalj (J^JI (ja ^uSJl lg-1jxii ^1 4-uialdll 4.aLa.all ^ja’sa.l <U^Aa ^jVl £JjVl 

■i*J Laj3 (_g^)lui La£ . 4jj^jJa 
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da jjda A Jt>ilj^)]| dLjj A ill (j£ ; (JjVt i ljal l(TJ 

(If .Then. ) . . &\ 

;4-iiVI 4 u>»qll Ji.lj (j! iXlli cs^ (J^- 4 ^ . (H i=> C ) ! ‘-^-^ Jj-ajJj 

0 ( 3 Al.aH 


La^-1 j_jjjLlLa]l (_JjLljoj .^Jj (_£3 Jjj .... dlid ^3 ^jjx Ld (_£jLwij j ) 4 j.^| 4 

I^^Jj La£ ^^l^a ^X.1 (J^id Ax3lj]l o3A (jc. Lljil jjjxjII (jl^aVCj 

(jliijLuiLa (jjaUjJl (_£jLjiLa]l tdliLall ^ 03c.la]l llijl j ; Y 4_ula£ 

l^llLaS 4_1 ^)Aj ^A 4_la_j^)da 4j. >>a (J£ 4_il ja^^l j ^jl 1 iJ<~- 

!! ^jLjiIo idlXall IXa jjlS liiliLa ABC ^j I ^ 

Ig dll ^jJ-Tuai (j^j . Ig-ilA^jJ J»3c. jl lg-ilA^>J dll jA-s A^.JJ Vj d^jiaj i."Uujl oJA 
O t £ 4 V ;Ac.^LdI (Jl_^AI (_^i]l dliLall J!la ^jj3l_iai]| (_g jl . .n .a ^jjc- L “ f I A.-.1 \ 


;Ja£a "l ^^A Igj ^jwujia]I jidll L_u]l_uJ ; ^jlilll i.Call@ 


(jijill (> 

4_. i lwi.ajl (j^ 
(is.iUn AJA jia ) 4jjJal3l (jw> 
djj*XJ) (> 
ajJaXJl (jj 
^12 


© By Hypothesis ... 

© By Axiom .... 

© By Theorem ... 

® By Definition. 

© By Step. 

© By Rule ... of Logic 


.XLLoJI d!^iaXjl 4ld lg_ilA_)J 1 J"i V 4-i^Jaj (_£I ^3j V j 


•A i^vAlu (_^ill (_pa^)ill (_jdaj ; Cill Ml jdalt® 
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B (j' B 4 n>»ql l (jJj LS^ji A 4 n^-ill l £j3j (A '\' " 


." A £j9j pJ& J\ 

I' '. 1 '**'. J (jc. J^J 


B- 


iB- 


A 


VII 


^jjjAllsI f~- 


;(J jSj 


^Jc. ^llLa ^JaLoUJ aI^£JLuAj 

f| Ja£a 6^.1 j 4 Iiq*i ^ jUSiL /jl qVa-n. a\ 1 jLuSl^l ?f 


© 


(_s^jy Ig-al’i'v'ij.j.il jjl£j ( juc. 4jm,iig.ll IaIa Ijj4 (JI£aAI du*J 

(_j-a _j!i£i Jjjl t iliLa i dljjc.ljj3 4j^)laj JLasJIj 4 3-al mill 

cl 1 - 3 JA AjIjS jja JjVl cA ) ~* x ~? lA^J • 

(JjAj i^aui L " ! 4jLailjjj jISaj (_$a]| i \ « (JSjillj (JIaaII i CjUlilall (_gjlj.M~i k*. 4ja Aajxj 
I jA t _ s -lc. _ Ijla^l (_gAtaJ La£ ^ 4-ul j$II 4_j^j^.lJa]l jl 

jja Jjlill 3-iVl jjl 4 Va (j^AJ 
t ^jjaII c~* aB ^lall 

(_JjLuiJ (jJjlaJjAA ^Jc. ^uaII 

Je. (_g iiaII ^j^)a]I LaA^.1 
(JjAumaII ^jj~IA llall jjjjtljJa]| 

^AjJall Jc. ^^Lia]! A' J=An 

^ > cA“ 
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jlojc .1 djjjc-ljja ajLjj JaVI (-s ^c. t j^\ ‘mil 4 _Aj£ t jjjiJaJ i _ysjc. Aj 

dljjC.lj^ (_gm.Vlg 11 5iLjaVlj t^^)ll ( _ £ Jc. ^3 

£j|^>ll ^3 AhJajC. 


o 




AA* 0 S* tL44 ** I ♦ 

■ I’N ..4 ^1 * A f\ VI 

UBMBI V liHB 



lillilj Ljla^.1 4c.jL^a Ig-jl Vj (JlSxuSn Ig.JlaJ ^^lll AjuI^) 3I al^Vl (j-« jiC.^lj 

^gjUxa]! -ll^lill (_j-a ^ 'H-"J lAjc. itLaa _ Ig^al.liajail Aic. d-luoll j wl' jj t . '-^j 
^ij£ cJiLoll jjl ^ >ul nj LojSj t4jjl_)ll ^lall (jx Lu^ii Aa diliLa 

^Ajl9 4_jjI^]I ^jll 4_j| (-S -ic. 4jt_a (_J/alsUJj 

JjjIj ^«VI I^A l^)5Li<i (_jj.lJa) t^s^J ^ 
-lilli Jc. (JllLaS - Jj-aljjtll AjIjS ^3 
(JS jj! 4_l^l_i. Qji jjoJJ Ic-jld-a Lajjj 
j _(jj3ljjd]| (_£jl _uixa _jA l" 'fix 

(lljii) 

^ A < - su^oI a (jSlM *Oakj m 6^ A(ABC) dJiLJl ^ fuJajlUt 

MQ j AB J^MP Lr*^J . BC bteAsti MM' jj^' 

; J ia^US AC 

AP - AQ gdu a(apm)=a(aqm ) !> ^ 

P5 = QC LSZ&i A(MQC) = A(MPB) u£^' (jjjUaJ c>j (m 

; (jj^d (jja^Jall ^-a>' 
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AP + PB = AQ + QC 


(jjaLJI (_£jLj£La lIiIIaIIj ar = BC j 


V 


i yu V ’j ^ 


A 



> YJki 


dJUl jl£ tit £|jaJ| L j Uk j Vj 

( ^ \ (Jkk) 4-)jl jll u 3-» .all 

!4j-j.la.il l jj) Aljlr, { ^iu 


o 



uk ilo L-u^^a L (T) 

^jVu^^q c-LouV j S^)1 xj-»la] 1 ^al.lVujjlk .4-iIc. AjlSIj ^jjC. aUax-a A Jog‘i j ^jq"u.u,a c^L.}] (^) 

A Ja&ill aAA ^j-a _jLa 

^]Vn,all ^L-ia^l (jl^ ^)Ia.^)s]|j a^)Ja-uiA]l e.LauVl C_I^ l*.\x>a ft jj ^JolLal! 13] (^) 

Jtilli L \ f\' jl^. jill j 6^)JajaLA]| ^l^klaiU $.Lul3Vl (Jjkj l*Lja 2tl ^ 

^^jjjUax-a til_j!ujLall ^jjjLa-dl ^-Jul (^) 

A-uA^ll Aajoall AjjL-o-o Aj-lols 4_u_uj ^LilalL-o-o tlua.ViA t^-joul ^) 


U^ j < a> < a M 4_^_*-sa (> _ s ic. ^jfLaJ t^JaXall (jkjljii ^9 IAaaII ^ (^) 

* ( ) V (jgh U£ ” A-<uli Y ^jUjjj Clillall 


> i-Jj\)-><all jAj 

. BC 4J4C.U Cjlla ABC (J^L> - ^ 

L-J^-LujV J 1-1A u^Ij^ 

A cj^ C-Luijl ^jfLaJ (_£^)lA-<li*al-0 Xk -Y 


A, =C , A, =B i> 

;4iiVl 

A] + A + A , — 71 << Wuaoll 4jjt jll (jj -1 


Aj+A + A 2 =C + A + B :jj^ r t> -O 


A + B + C = 7T ii 3 ^ 1 u*iljS L> 
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1 VJii 


A 



.'.rit j jfiy* jUlVwalt ^jliuiaa^-ftll ^ I 

,4-ojlii Y ^JJ (_£jL _uj (_£^)jl.}il ^c.lj^)ll (J^Iiiil jjaliiiall ^j^a~s.^a (C-J 


O CllVjlj-ii 

\iP E “Uaiilt ^ Sjjta ^ UJJJJ CD J AB lP '\' (£ 

. AExEC = BExED 

:u^ A, C jiikajll i jjl.all Uila DAC lPj B P jjl-ill L-U ^db iP '^! (- 1 

.DAxDC = (db) 2 

^jjiL-uLalLa jjaj (Jj-al j\\ Ja^Jl ^ja ifj.lUill ^3 ) Y Aj^isull (Z) 

^$\ ^3 ^jjxL-ia £-^a^-a (ji AAjlal! 4-i-aL^Jl ^ic. Ua ^jj^iIs! (jlA^}J -IajC-I ^3j ^^uLaiill 4_Iaaj ^ja ^jaj l^.^)Li. 

Jcilli A ^Ic. ^jA_^-U c \f\ _ diO 4».l/i ^ja ^)j£l dlllLa 

? 6^.lj A_Iaaj ^^3 jUiiL (jjq\"^-all ^jJajVu^aI' <jl \^xa ^1.H;v"uajIj t^jA^oj L (§) 

Ajaul ^LJaujll o^)-s.x^aH tiljljJa^. ^C-j ^j^ll cj^ ^g-dall •) *C3^ ^ c . u< ^ (_s^ c * ® 

^ JlC. ^aJ ^gjj .(jl^A.ll ^3 dlijfLui £-jJaj ^ja Ai*Jl ^jaIJ (JaaIj 

cdliJ AiLuj-all L Qt/iVu ^jfUl .djj^JaaJl ^ja J^xll ^jaaIj l.UA.j A_2 uI jxA\ 

(jl^-a L \f\ ^)j| V U^J dl.Kjj A>LaJ^}*Lll dL-il .(jj^AAill ^jJJj 

YAj-liisVI A.AAj.Vig.W AjjjUill aJ^.^ja 1I ilUa ^\xa ^a^au jl ^ dll^. •Yq'iaM (Ja (J^) 
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VIII 



V Cilia—aL 1 La J (jLou] 4 

;bliLa l4i^)x_a JJC. dlljjl£ (jjj (JLliilc. JlLaJ IjjLaLjia i"'L. >»' ;j\l 
l -ag jjj 4iljl*Jlj <_)j aJ&Luball j| 4 Jaklll' j V | A ■ " 

.(l^LLa 4_ujlall Jjjlj dl^j) 4£^pll t—L-aj (Jj tiljVi.all ^ jj V |fLaJ^ll (j&J 

c3jj ^ lillLSj _ 4c. Ij^ll Vjl ( _ s -i*-a L>° ^I* q " (j-jJ ;gjjlvtill (_y£j 

4 qViL.a <—llxli J4 )-»-\^La ^a > 4 _jjl 1]| ^ _j4iL <—J*Hl ^£4 V 1—1*111 

_4x. j-uka^-all j^jjjI 

Vaa If. ^ r\\ 1 i ** il fLifU (, a ^ A 1 j < lal a f . “ il ..-. ^ 1^. ' r^\ *4^ujAi^ll 4_1 ju>li1Lj ^-aL/1 . 'V ^ 

(J£jL V) lg .aj^lLaj 4ijlLall 4 m,i ig 11 4-^1->.11 j j (Hilbert) <-Li^>j1a 4£Li 

tV 0 ( —<V cs-s'LV^V' uj^J u' c 7 a ?^ " : (Vagner)jic.la jjj*j 4^ jV 

"uLlUjluifallj dlLajilLuifall^ L>a ill ^jl^a ^9 LujjJj^^ dlV^Lla ^ f 
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^lAlLaHl (jjilm-sVU ojjx-ui L_1JjAj jlkAlVI ji -laaljli ji AiIaH jA liAj 

g-jjj-na 1 — 1 C.V lijli lit lajJalj (L11 a jAllj (^A- 0 LI*aVI aLjaall ^^la) 

^llll j£ja 1J1 ^IiaII (Lll^^ja Je. JjVI j^Jl (•* ~ ’ l °~' * ^ci^jaL L-1C.V £A £_£Aaia 

LILa ^ja^aia (jjjLoi £a AaluiA oj\ Uii (Jjalui AijlLal A, imilli ^>aVI (L11a£j .(—1*111 lalaa (Jc. 


© 


AjAAlall AaLaaII 


Ai9|^)a ^jljll a-Ualml Lai-ll (ja^jjall ^^Ic. (JjVl j^Jl j 1 *'J'* 41 _j 31^)11 ^ Alaj alilii 

<1 ^a jA A x nJall al La 1 ^LLalLuiVI^ (_ 3 -l^)lall 

laa ^ ^A juoll A n.Ts.11 LI^IAaII jl x **\ jj 1 _li^Aill^ ji^Sill jl jAai (LUaI Aalli j 

(tJUJl 

.li*j-a A_^liLi La 1<^ • 

-( _g ma jA Laj A^)aA jA La jll Jal^ll £liaiuil • 

"(_Jj^ui£La ^ jg qa" ji AH-uiaHi o Jill Aiiljlc. ji (_£ jll 1 (Jla j j >«-Vi L_l*j-*all jpi jl£ lilj 
aAA (■—ll*a i bjIuaIIj jiAljll (Jia i AaiAall liajlji’slll jli A ji.ai]-a^£ll (Lila. ja!| (Jja 

.Uljlia ^ A jl»,>a ^iAHaII 

;<_Jia A mYig ll ^^9 A ql’ia a dllAlail jj^Ja lialaiA jl£ dlllaaljLall bAA jA 

^IaLaaII olaiVl* 
J jU'l l alaiVI* 
-( _gjijaill alaiVI* 

jA liA Lie- jjAa ^a jl£ A9j .A iaAi^ 11 alii ^9 Aj-alall AiHi^la (LllAlaiVI aAA jA 

- (."iIaj.>»Ii^) 1| ^cijlii AAjj jll Aa9ljl*3 A mAig ll ^jIaLaaII alaiVI 
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jd ( dlLaluballj aJjVI jaJAlLJl ) Ia IXj Aj-liIsVl A XJ 1.~1 ig 11 3*J 

A3j^t-all^ Aaaxldll A du^all dul£ dll ^L,. ^ ^jjj ^ya _ ^jLoIuiaII aLdi^U 

£JjVl dll<aLa<all jji jA iLlli ^^3 L_UjjJIj j (J, wll ajlj) IAjjSI ^(_£jljjll A-aL-oAJ Idajj 


VIII 


dgll (J jj| 


(Jgsdill Uiji tA-i^jdillj jl i jl_a.jallj ajjaumllj Igda (jjidil] aAiIs dul£ ^jVl 

J j^.j ijd'ii jj| _VhLjia]I a3gJ A ->■ iTi _ Idle. uja. 1 J.diV' A-uaaldll A ,aLu<all qj> 

Ajj jda A_1 uj ^j^lLa 3*J / ^isILuiaII ^3^1j ^ j p A_lakill ^ya ^aJ ^Jida 

^Lui^ljU lilLda jdJ jiill A-oluix ^jl ^A t_LLui ^ill ^3ldaVl ^_1 Haling 

^ ^CaalJJJ A llr- LiujJ La jA jilxll ^J..l ;e^a dlli (jjl’Laljl (_jLa^ j»Ll]| 

■ (' ■* 1 ^ fijjLdi jl ^-La (Jaaldill *ry yt\j 1 A jjaa Idj£lli 


A_ a lui a 

(_^jljj]| A-aluaa (jlj ) JJC. (JjsVl (jl 3^jigJlj l—ljjill jaAJbu (jaaj (jjJjLijjll jjtd 3al 
djjjll M./i (jai£ l jjl^a . I g -lie- jjlA^jll jj^-aj A_i^)laj Ia j^ilels ■»' Jalll ^lf- A_3jd3 
.Ada X • * * JJ^a 3*J V) lilaJ A_LdLal) (jjAl^jjllj dllxdal ^^jll jUll 
^Lldll pjiC. (JiLa ( _ s Ic. jjlA^jll (jjjjj£ll JjLi. 333 A_udii ^jaAllsj J] AildaVl-J 

^C-^)11j ^ ^-»g iiAI^J (jSLlj _^AjJC.j (_^jjSLui j j_}ji1Sj^Jj _j3lj-yjlj ^jji^jJall (JJ^ll 

Adda AAjJap3 ^Ic. dLl dljl£ Ig-iV A-iiald dul£ jl (jlA^jJ (JlLa lg ■ >■» J (jLa^ ^ya 
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fiAgJ j 4 a \\ l" \\ c.1 J Lo_l3 j ^LoiaUJ! 4a1uia]| O^lc. 


;<aLo^1 

1 ajVuxia Ljl^J jl jjx JalSjA jjAjVuuAl j£-aJ V ® 

. (Proclus ) u&j'j-** ( j^AjSlLOA (jjj <aLoiAll jjxjj V • 

. (Legendere ) ^ Y = LJ1LI LIjj ^• 
.(Wallis Postulate ) C 5 -^*^ • 

© 4jl^-lll 4 jI^j 


. (Clairut Axiom ) 4Aa^' ^ Uj jj^?-jj • 

ja Jsl jJJg-^JI (J.i^.1 ja jljjjl jli dlA£j jj.ajVnu.tt ^JSlLuix ^Ja3 Ijj 0 

.(Euclid - ^ j •>!' oiA ja jlxJalajj jjxjSlui4l jji& jli jJJajli 

dllj*j]| lgj3 jjj dlljjJaljj]| ^2 oljjJ^J 5 JLujj (Klugel) (J*j^ 1 VI V ^Ic. 

(JlLa 5jIj£] (Ee Lambert )jjj4I.\j la^. Lax 4 ..i^l-vll Aaiuiall 1 gliA-a UIajj \ A 

"j mJug]| A^jjJaa "; jljjaj 


€) 


" I . . i< ** i . 


jjj.^»i ELajclj toj'qi.u jal Ajuliaj (Saccheri 1VAV-^ VIV) jjjSLoi 

jl& jj]| JjLa. . ^^olall t_aj~\ ~iall Axii jl^ ^cEjll (J’s.ull IjIj jj AaLcLall ^-uijJall jjall 

djAj ^jiaLiAj jj^aalu]! (Jj^aJ jl jl J 4. I->I.^» JJC. Attiuiall jl jJajjal j\j Ig lie. 


sjU uksi 4 jjI jli _r 


^Lajla IjLdl 4_ijl j]| - 1 
<L^jAia ULdl 4_jj| j]| _Y 
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JJ 


h 


4 I-I (jjjj (■"n^> V iJL^ll ^ I g \ j^aJ ^1 4i£lj Y j 1 jjjlLaJI nil J] 13 j 

JajJaaJI Ast-iila ^Ic. i-jjjc. IgJV) 4 kaJlma Sal^ll l_ijl jll A ' ^ J* (jl 4 L_lLai^Jljj 
UUa ejA j^. L_kjjjj£l jja£ jl£j 4 ojal (ja oja^. ^ ^3j filial A >J~ii jA j .(4-ijljiall 

.AjaJaVI JJC. A t.ti.'i ig 11 <- Aul&I All £J ^lj t ^3 lgj| 

VIII_ 


-1A. Y) laljj (_>ujjlj Ail sa*j <jaj 4 (Frakas Polyai) I^jj l>“^' lS ^ 
V^UJI Aa V a l l l _ s lc. jUjJl a£ ja^a jjjjU^a]! jiJ t (Janos Polyai ^ AY. 

;Vjla Ajj| ^1 (jASIja L_u£ SjjjS alllxa a*j3 y Jic. £jallll (jjall AjIAj cilia gjl£j 
jillj 4 jig-ill ejciall ( _ 5 Ia C airs (_£all (JJjlall li& jjc. alaJjVlj la cil^_c*aj| 
A! c_u£j 4Aj|jja^jj AjjI Aa-Li^aj ^almj ^1 (jjVI (j^l .ola^ll ^ Aaiallj 4 <Jj 1]| 
Lallc- e^-cu V (ja all M ^jl ^~la 1 4 p j_ciajail laA J 1 j 4 aILcjj 1 A Y V ^slt 

Ajj| (jadajj AlLaj A! (Jjajli (jajlc. ^^jJaLijll IflJ-la^a (_jul£lj3 jjl£ _ "lajA^. Ijj jc. 

(_^al Sa ja.ja ^uliill saA <_JiLa ^jl ^jlc. c_il j^ (jl£a 4 c—ujill ^ ma ig 11 j»ll*Jl (jc. 4 ^jjla 
IUJ.. “'' 1^ jwjl VI dljjij aaj 4lalc V » ala (_£j£ 3 ^"'1* ■" aaj 

_LaLaj V^ JJ£ el^xll ^1 ^(JjVI 

^^cjllill al (J^ajtl! ^a^-jal ^all lW^II ^llll cjl^jC-V C^]Ll-a (V 1 *-!! 0^ 

fi. ll jjlj a aw 1 >. (J^mll ^alj ^ac. 4_aLiuil (jl ;<J jillj tilla j^lc. jjlc.j ^jIIj (jl 

jl£ all Jj‘llg .1 pJ^ill la^J (_laall lilla jjj ( _ s -lc. ^IjJj . al£Lal -Nall V 

.I^aJ Ijj-aila ojjLia 1 V (ja Ajj (JlfiJ . ^Ij)all (_^jljj ^La^JI aja^i LJjJ 

^(jjjJiall jjja _jAj 4ajjLia (J jl 4 AjL}^. jjai. (^all I jilt ^^-kajjill ^^jJaLljll 
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4 -*>.11 4 .aim-all ^lc. JjIa^jII Jps A^.1 Jj’s.a'n a^j-liSJI dlVjl-\.all Jjx at 

dllm-li^ II jj^-L (_^j| ^aVI IAa .lillj AA1aJLml Ij^dl (jjfi du^. ( ^jdc. £jjAj]| JjjAII 

A m-al^ll 4 -alm-alLl (J_jjA1| j»J1C. JjI J] AjJ cillA ^3 ^jdAiill IjlA (■_ ll uni ^.Ij . A-dAaVI JJC' 

(JjjjIc. ^^dal—i^jll JjdA i _ s -lc. <vl^. La£ ^l*Al l—ilia 

AjjAa (_^Aj 4 JjljlS (j-a AaAjoAI dlLmLmVI dlC.J)C.J) j^jll *Lldal all A \j , >.11 dul ^3j 
^mbdlbjl ii ^^daLi^ll A_ij fc >iH ojiA Jda J3j .LiA^jAll ^j£j (Jiuil ^9 o.1j» I 4-imjj 

@_ o.li.l^JI ^l^jtAI 

^3 bui£l» y^c. jdj qa Jjl jl£ ^AJI (Nicolai Lobachevsky >Ao‘i_>V^Y') 
(J-oxJl lAA jA A \ >>ti) C' iU.^ij A3j # ) A Y ^ ^Ic- AjAilaVI 4 ^i.Vig \1 
jl AAx-all ^9 Jli AJV . IAjA^. \ \)* *> (A_l AjLualllj ^ L^js ^ (_£a!I L^J^ 1 
Lia-xUa \ uxi.ViA IaLLsj ^_nj ^jl c^l Wunlj ^jjjAilfil Axj ^LujAi^Jl 4_x_nJal !^jj«saj ^poUl! ^}ii£l 
£a 1 g iia^lxj] ^ j . ( jj fl jJaj A.aLuaa ^jc. jljill 4 -aLoia A_i9 l oVaVa 

lg-J ^^xxiqjAViUjl] L_flJJC.| Ail VI . tillAlia. A_ilc. L-AjL^IaII j AjLoJI ^ jg).Vlg \\ L_fi^)*Jl 
;jl (J-^xJl lAA (J^L^. qa jjjj A9j .InUi ^Jj elc-Aj AuIJ UIjc-Ij 


. A-2i. Aa 1 J A Q ^Q-s. ^Uiol A»aLoia# 

# Aj^Iaj (jl V A_aLoja# 

.iSj^ A_aLo1A CIiLaLoia] ^jojIa ^-ujAiA jaj c^lljA • 

A xx).Vi^ \l (J^-k (j-a A_i3 (jjbxj (jill aIIxI] 1 ia^ °\ ^)JXJ cilli ^A^Ij 

<Aaa31j l$^)\ <aLoia CIiIaj Clu^. ^4 \9 Uq\1^ <-ujA1^JIj difl^c- ^1 fiAjAaJl 

# jl JA ^i^l ^ailuAA ^ jLk AJafl.l (jA ;AjjVI 
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© 



44 44 

-All ftQ I I 

M fVBMi I 

I ^ 


o* (B.Reimann ^ A“n_> AY“i ) jLajj 4jL jj u^ <ji 

4j jljia Jaj]aa. A^jJ V ^Lilljj 1 AjAa_a JJC. <vL_iaa]| jj! 4_Aaljj3l 

(JiLaJ du^ t aj£ll jA (_gtuAlA £-Aj^ij IgA (jlj 4AuilLa 4 xja.*l~1g \\ eAA (jl AtJ Ltd (jgJJ ASj 


aAA ^ Li, ,i ^Ac. 4 jl 3| a Lit \l t’~'l Sj^jl ^rL..„ ^jlc. 4jt3lj Jalajj Jalajll 


.4jjj£]| 4_kjjAigAlj 4 mAigAl oAA lilli] 

JJC. 4_uiAjgAl jLoijI £^9l£j jJjiJaj 4 m.ViA (jLuAl jji (jjjj AA3 ! dlLjaallAI dlgAjl lillAjj 
1 i-t. I, V lillA Aiaj _ jj-v-'i i .i^i 4_utaLiAI 4 .aLu-all ^Ac. jjlA^jll jjjj 4_Ac. j AjillsVI 


VIII 




^jjLLjoJjI c-LAaA (J!La 4 qVi-n. a H l“ 4j-1 l Aall ^LtujL ^-ALALj 4 aViC a\1 l" it i .1 ^ 21 g.1 amLa ^Axui 

H AjA^AI C_fl3 IJA U 4 _^jjjj 4_Ag_Al .^cAl •** U'"'^*L ^ 11 >iq\ 1^ ^jiUl $.\ i 

(_j-o IgAa(.. Ua*^l i t. Vu^il t^jjiAllsV JjVI dlLtLaAjI A<U*J ^3\\ i dlLujAigAI 

;^Aj La£ i 4 xn.aL^Al 4 xLnxli 


_J 

□ 

Ajiol^VI A-ruiJa^Jj (j A-aLola (JLui 


; A_j±aI3VI • 

p 

: Euclid Geometry E 

j y a^^j yiii 4 aIx-oq 



4.itk'42l 4.uAjgAl ,_j3 <_$ JIjjII 4_aluus JLui 


4j» LaU 4 , „ tl • 

p 

{Hyperbolic Geometry H 

dlLjl^a 4^_9J Valuia 
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: Spherical Geometry S 2 

CjLjjI JA A^gLu^Q 



JaULu ^Jxqjj J-[^ A-lxJaall A-uj-llfrll Aj^ldljj (_£^)iA i—kx-aj (^ 

D = {|z| < /}= |(x, v): x 2 + y 2 < 7j 

; /) (j-ajii]| £-0 oA^lxlLo AjJalsj qa LS ^ (\)‘da a 11 c_jSj^aj £-« 

C = {(x,y):x 2 + y 2 = l) 

O djVjl^i 

Luflluua All ^gh ^jJaal! (jjd u' A»»-aLk aJI^£ _ A_ill l.j^Vn (jl Jauadl I^A ^gio ali^yla £ijjj 
!i] (jjj^ljlLa cj^ ,<Q .3' UjJ<Q ^ UJ^J .cj-° dbaJiLLuball l^-i3 ^yAJ ^jl! AJld! • (A-®- 0 *- 0 

o_jj|.}Il Ja^a^o ^gic- Ajtfilj jj^Vl 6^,1 j A,3aVa ^gi Li<Li]| 

• H 2 LojSlui^ (JIaj l.gd Ll jSljil ^j-a Aullull c.l^^.Vl ^-uj^)1 -1 

— {(-*, v): >’ = 3x}nD 
£ 2 — { ( x > y)-'3x + y — ijr^D 
£3 = {(-x, y): x 2 + y 2 + 2x + 2y +1 = ojo D 

• H 2 L5^ cliLajSlui^ AalUll dale, jpa-^all Jlaj -l_j 

£ j = { (jc, _y) .• _y = x} r-\ Z) 

^2 = {(*, y): x 2 + y 2 -4y +J = O^jryD 
£ 3 = | (x,y): x 2 + y 2 + 2 y/~ 2 x +1 = O^jr^D 
£4 = | (x, y): x 2 + y 2 + 2x + 2y +1 = O^ry D 

jl Lg-xialaj (jajj dUualuiAll a^A ^uj^I 
(^diaVI fibJaflll <_gi Ajj^fH! a^jjujall Jaliij ^.ij <jl ^jfLoJ Ajj^flll Ajaid^il ^ (2) 

S 2 = |at = (jf 2 , X2, X3 ) e E 3 : ||jcj| = / j 

^l.ldud # a^)juaall Ja^a^Q '.\axll (j-a ^)La jlLua^ ^Jalaj Add a^)d ^ ^dLuball ^)Luc.l 

(j-a adLuball d^lx-a ^aLy 1 c-l-dll 

£ = \x e S 2 : (11,x^ = flj 



93 



lij £j yu i & \jLXA q j p ^ £ ^aalLuiAll (._ i)a3 u jA U d 

• p — ~q 

:u' 

5 1 - 2 ^ Aj jl jl« djUualuws V -I 

^jJu^lxlLa jjiJ^si jUiiL jlallk-ail ^Uualu^l 
LJ <1 LL$ -M <jt£ ^ LJa3 ^ 0 \£ 1^1 -CJ 

.Idajl — P G jli p G •£ j\£ I j] 

• (^>^^ u *^) l.li^.j ^jjlui^lxlLo ^jjlilaaj (_£I "C 

^4-ojla ^A^jl jj ^ UJ^- 3 djlullLa] VIj-o JaC-l "C 

](_^J Ualij dluul A-iljVI \x.W LoAjc. AjjIuuaII A_ujAi^i! c-Ljaall jLul j.\ru, L lj\ ^) 

^AuslfLo ^_^Laa ^ ?dj\, < Qj'q"uri < Q 


IdM^I ix 


c 



.O Archimedes 



1 


j V^-VAV) 



^jjAiSjoiVI jjjAllal 1 g»>>»j ^1) 4_uijAa]| l“vvTil 

^Ajl djYI L>° U^* ■' 

j 4 _ 5 jJaLi^)]| <vl£i]| (joj 

^Aj .33 j .4_iLi*A| 4 mYlg 11 LI (3^ (j^ 3 


(jjjjj A-o 4 jjal^aj (jj^jJpill dlla-a. 4_Jlc. AJjj-a 4 ^ 


4_J3jAij]| tg.li-N il (jAijJaljj 4 jAjL 3^1 ^ (jajlfij 

CllVA^. ^-3 . LoJ^lLuui 0 .3.3x4-0 ^j. >»' j-a _3 Jy±£- .333 
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4 -jjjJall JJ tdJi ^ (jl£ J§J .JjUMU f jJ! 'g \Akti\ ^ 1 \ 4 _ijiill ( 

<La^. ^Jjj (J|^1^.VI Ai^)ia ^J] ftjliiial ^aC-jj ^aUaill lg_J 6»1 a 3 ^lill 

^A^ILujI ^<a Jjl iMx ^11 CllULui^Jl J SjJJlfll! ^I^Vl 4 ‘n.U ,^\\ 

4_ia2j J wui j C^l Wunl Lo£. _ S^)j|.Il3l 4_^.Lola JlLa 4 ‘i \* a J ‘n/M l" \\ «vt m.* i ,\\ \ ClAjLg_il! 

^jjlljl^JajojI ^pa ^Lil! (jl (j4JJ (j! ^al-l^lLujI (Jjl'sMl 

.l^j ^j>a £^_udj) 4j .\*, jjj ^j^>aJ cillil Y/} 1 jA ^ 1 *<■* (j£ ^)la3 L ^jjjA^alx!L«a 

‘nMI j ^JjJaLajll <-' v._fl^LuJ 


^Jc. u-v jl i * <iluaj Jj ^a^c. ^j>a ^jjjjljjJl ^ilc. ^1 

^j^jjlj^lll rf& ^ * * * * L^-ujLujI (j -0 ^ ^ 7 - jL 4_jixJl aJSA 


0 




a J^o jljjjx 4_udijj L_ljjjJaa » jlj^ia ^j-a 1 i Jll^C-V 1 ^_ jljjj^a 4jj<a>ui 

: c> <_s' 

100000000 100000000 

t—l^jJaJ (JjlgJl jji-Vl ^^*-31 li& (JxaJ a^)j^q'i (Jj-alj "(JjVl _Jj.i3l j|^C.|" ^3U (_^Aj 
<ij3Lo3l AjjJoaJl l HLaai i. _ n^j 1.1a. jj ^ 1.1c. J) (Jj-aj3 . a^a llj^jia lljjAa 4_kjiiij 
!4jJal^)C.V i—al£ ;xa_iJa]l IjlA (jj _jl Jllj jLilo i—ill A « a^*J ia.1 j£ 

?(_£jJ Ij 4 . >.1 jr.S dul£ |iLa3 

i ^ja^a/x)3l 4_3| ^jUx! ^c-^. ^ j 4 JIjuia 1 dlS^jC- 4_3 Luix ^ 

4_3Lui 4| a3iAj 


;4jjl*-a]l y j X 4 JLui4 

x 2 -( 8x2471x957x4657 2 )y 2 =1 
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J A-id,'' y (jjjj 1 ^ 1 O ^l*J| ^ lAjdjJ A 1m Y Y * « A*J Allmall eAA dll^. Ail 

jl ®11 1ATV (j^jfLi u' ^®] aJJ ^j3-i 3 ( _ja ; ial_j^. AAc. (jl jjjjiaj^ll 

AjaIc. Ala-a ^3 Aadill eAA djdj A3j _ LaSj Y > 1 O £ O jpi ljj^a lAAC (jj£Ll 

:uLw 

H. L. Nelson , "A solution to ArchimedesCattle Problem " journal of 
Recreational Mathematics. V13(1965). 
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Aij^)Ia jl£ j)\ (jV (JL^C-VLj qC- j)\ 

(Jjs cJjWi jl <» <al 

;l_g_Lo (JjLolo JjJbj 4 _Aj£ 

VIII_ ■A c ' 


ajjlAll A^»l ma !■_ llmM (jjjjlijJt l$j) (JaaaJj ASJ^jJa (JjJaSl diIS ; S Jjtjlt AaLulS (I) 
ajjlaS ajjlAll A_dj3 .b^Ia]! j£^)a (JAi^jimaa dUIla!! (ja Aj&lila V A|Ac.I (_^A 
^ alila jjc. Ig La dHa <_)£ ^lilijl (jl£j tlAa. Aldj ^jljau J] Aamla Aj^jjIa (jj-sc. 
J» m-»ll (_^3 A-^lilailll 1 &AC.Ij 3 ^ ja^-aj . b^IaII ^)ja3 <- It-Vl (Jgdall 

t. dd elA^. (_£jLujJ C ifffiall dld_ma ^ jjl laJj ta^)j|A]| i-ij~sa ^Jl (_£jl_mJ 

t. daj J) ^jLjjj bjjIajI Ad_ma (jl (_j-q (jAl Aiili . 1 &AC.Ij 3 ^ja-sa ^2 lgx.lijjl 
Igjlc. (jl&^jjll (jl V) i A-s j-sma A.-yjii eAAj _ Jaj^all ^^3 Lijjda lA^iaS 

AliAirn djdj (jc. I g-1 yx i ^_3 (Jaj V AsLrn Ajj^S a!^. j Aaao j^J A jalaLa dll jl—A j 
(Ja^)j)-»qll ( _ s ^c. dlUlLall (jlflajl (jl (_^3 (dilS A I£da]l jjl Ji^.V _Aj|^alJt_aj 
Ac. ja-Nall j^lc.j lljj.a (Jjaj V LaAic. (_jj c'~ll~sl>aa (jjAl (_gl Aclj3 (jjAl e~~l\*i 13a 

.ajjlAll jA lid gjHi (jl " aldil y " jpi Ajgliall jd 
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^Vuul jaa lilli ts Jc. 

L '\\ l ■!% \ CU^\ * Q -Llifi 1 _ 

JlJlC. ^JalLa 4 4_a.Laua 

Cilia. 4^ £(j£jal) AUlft J1C. 
v—ax^nj Clili o^jI Jill 4_a.Laua (jl (jiJ 


j^JU t AiU jj jl£j £r r jiasll 

A ^ a ' tA_u^j . ~~ >a ^]1 

A luiJllA A luilui 


© 


al ^ > -*->$ 


(Antiphon) (jjAiiji tS*£- Cy> Uaj (j^s Aiui X • • J Iaa (jl£ 

cLuldil aJVaII ^ J^^ll ^VumI qm J j \ (jl jja^JI) .(> j £ X o ^»lc. sIju 

,(j» ^ V «1 ^w. Johns-jj_>?■ ^jLj _?a lA^Jaaj ^jjj Aj^laJU jjLtlA]! £ 

aJLuiaj Aij^>x_a]| aJLuia]| <_(a. Jjxj _ (el.l^JI Qftj.ii) ArbclOS ^JCod© 

;AjjVI (_>u jliijl 


<«-?■ l>j AB, AC, BC dilj jjIjaII ^ji jj]j Cj A B 6^ 


jjjjjaUil t jjj^)j|.i]lj jjaj A'q)-»i.all q!s Qji jlijji). AC <J Ajjauilj Sa^Jj 



> ojiii 


(_£j\_uii ^u^IojjI a^Lolo jAjjiaj 
Laic. BM ^A^laa Qill oqIa]| A ->\aa 

AC C5^- Aj^iaJl jA BM u' 

AI (_^9 ^.aJ-»3t \' eftil.}]| ^JaSJj 
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,4-Jj 4 (jx 4_iuij 4jl_kialj 4 ^Lill ‘Lc.Lwa ^3 4_iic. ^jL^all (jl jjjjyA tilLail Jl ^Aljj 

bL^S 4_Lkjjj£l LaAjc. al ^-v.31 4 ■ i'uKj _^aVI (j.i 'n.aA.^jl V«i^,/' jpi tilLdl 4■ llia3 

jl^Au JJC 4 (_)Aa£j IfcAjc. j A < siu,'\I ^ 4_kias]| (Jj i_iAa]| 4 uaj Aj. Wit 4AjJa 
UglAjkj 4 IglA jkj ( 1 £jjjjI tl£jjjjl) jAj Lljlc. 4 jjJ^ljAkji 

• u> (_>a Jil ! ^ ly-1 4iLjjj£l l_saL-^3j (jl Lu^c. (j^L 

VIII_ .)g.C. 

i_iaa 1I (jx ^Ull (jjj m kg 
i_iaa 1I kaljS g 

4 , >»al l A a l 'S g 

Jl j.^ 11 eAA-k,all 1 —IAaII Ja£ kg X 
; ^lall ; -k>-> (jjV>a AjAjc. 


x m - x 

v = —+-. 

£ s 


jk-k (_^jLaiJ (jjjLJI) (j<a Jjjl aLall 4 Ual ^lijjl (jl jA ^\ a-kll (jjjAjial 4)-i-kV La 

^ aA^all i_iAaJI 4_3j£ j£ <Jjg•><a!3 4 JjjuIIj aAA 4jAL*-all (Jiky _ y ^Lill 

(^3 (jLill 4.1 mUJ (jjjjA kLlLall 4AjAj-a ^yaaJ (jl (_yuAa<a^J ^Lialujl i_il_kjjj£VI lAA (Jk>iqI 


<—lljL^jj Jl 4 kildjjAjgJlj (jLayUllj 4iLtla]| 4 4jki.nljill (jjAya^jl l" ll Ij'^l CLaI Aal 
(j jljj ^Jc. jAj 4 (Hydrostatic) 4 -djlll kk i jjAjg-llj 4_ij*J bAjA^. aALa 4_ukl jA ly-La (J ji.1 
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La frUll ^jl^La I^^jojLujVI QjfLj l‘* IJ'N JjIjjoJI 

»Loll ^-1] 


o 




(jjj|j3 <■ LigSI AS3 1 (jj-lutkji jA “Luljjja jAljlil 4 n >.' i j ^iLaj (_j^al^lml t> Jj' 
A3j _LaA J4C.J _ _ _ i_$ jljLa i *-—lliLaJl (JlLa (J^LaVI (Jil j£l^a *■— 

JLli. (j a \ *1 JLdl ^-Ic- JaJ 4Jii*Jl bAAj _ ajllL 4J^lc. t_Lujj£l ^ja J j! (jl£ 

!^k aJJUiaVl 4.-U.L L^Saj La li&j) £l.A = b • B ;(j__$jlSll 


© 


■OjAaII jjj^ljjjj 



'l_y ajVI AlVuJ 4ja3j ^ l3-iC.j j (j jj (_$i (jl^aVL ;<J jsllj ^p*3J (jl£ A3j 

iiAllj jjj ^^Ic. » 4_jj JISj ? iAUa < -Laj£ (ji ‘P- 0 1 . lllaa iAIIaj (JjjjA £aja 

' g L ai jj 4 a\l 4_ic.jVI (j-a lA 3 ^ ^ * 4-J ^ La^ a ( jjjSljjjoi lg-ajjjl ^ 4jtLlj 4 ’iii.. ~ s.. ^ 

.(Jja. baLoj 

(Jl^p ^ 4 A. l >ia ~ ^ 4_j| L-iaj| a^pLa ^ja 

_lAA li-ajJ tjjgjjJa (_Jjiuia ^Jc. > <vLa]l £3^)] 4 ((_>“A' 4 ^'^ AajJaua^ 

L iliaJa ( _ s -lc. \g xAaJiml 
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~ ♦ . A 4 ♦ «f* 4 

A. x. 4 Al ■ . A iA B 


^joiV 4-jj-A^ll ^jC- plijlll jl ^C.Luj (jLaj^)]! J-^aU. La^jc. 

tg-J LjIjaII j L AllaUa^Jlj <jL<a^)l! Cll^l (Jio 4 ^-C.^±La 4 _^JjoiI £-L-a ^ju 

^Jj AiloJaV^-J Cj^* (jl J^] (j-^ ^^ ^ -* ^ ilx^a Ajt-iaii 

^Jc. Lg_^.J I t l^JaliajI 6^)iXj-a (_£4 j-Hi'l^ 1 ^ 


l ^Qf*A 


vin 


U 1 ' c - 


AjtJaS jl 4_*Ja3 ^jj^)J L^-Ajc. 4_LL i** <■ dljl^S I^Laj^)ll L_1C.^)I ^1 

m A n'u'l (jljA^. ^ jLi. i—sasj i _'»* ■-v 

^Laj^]! (Jl^i^Jl L_lUa (3-jLliJI ^ 'i«' LoJj) 2 i' g ill jjj^ljjjjj t"'Ua,,' LoAjc. 

A^i^Jl A^J (JjS (Jj3 C n^k i^JaJ ^ o^sl (j£lj .^J Li^. jl jL>i-J (jji jIlujjLu 

(jV jl jl <Ul Jj 4 _ s -lc. aaj^sj 4AjAj_^3 (_$\j (Jjlii]l U^ t —^ijJ*-« ^£- !•. 'ual 

^(_gAWll ^sV (Jjl-aJ ^ 


(Ji.|A Alll'iH^a w uj..Aa^. jl lA..~:l aJL^wi) lH * -6 ^.Ic. ^ilfLull A^-Lu-o t.-.llx.u.-s.l (l) 
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I^A (jl ^)*^W ^^^Eaa ^ ja>a *». ^aJ (J1 ~v aII l.igj o.1Wa ^laall 

;AjjV1 A iuj^aH j)a-s.a11 

7 ci V r i Y 

5 = an-a + — a +.+1 — a 

4 UJ UJ 

c_aj£l) _ \ 0 , 4 ~\ (3>*^ ls^" y 2 = X ^lakll A_ijj^)iill A_^Laa 11 L-luA.1 AAj^jlail 

? (Ajt_u-£a]| ^ja JaSS Cj^\jj1 

.aA^E A_a^uj^)a ]1 "o^jj l-lll A^Luoa ^ja a^A J _|_ 7/2'" ~ <—I 3 3 Uija 77J lj ^L>» .a l l ji (jA_>J (D 
ujj J U^J^J 10500 kg/m 3 ‘ UJa * 31 19300 kg / m 3 <J* j' ® 

^liill (_gi c_iAaII AJli£ ^^Ic. (j-o Aiuj^a JaC.1 _ ^ jA A_Jaallj c_iAa]| qa ^ju^aII ^Uill 

.^1 aJVa 

( B (3 AC ls^- cP BM 3=^1 <^jI i sjj'3 u' 3“3 s (Arbelos) u^* 3 ' aJUui ® 

: jt o* ji. 3 VJS2J1 JcUS F j D oA 33 ^ 3 ' ls* BC j AB ^3° oAA 1 '- 133 £-« 

Aaliujl ^ic. £ju M, D, A JalijSl A 

6.1^.! J 

^jIjjL-uILqj (jllL-aLllA DF J BM - ^ 
(jjj^pl.^11 (_gjaj-aal i^I^jILaa ^jjjIaa DF 
‘BC j AB ^ 



WjSai 


o 


JIjV JjEaj 


(jULjjL-ulLa MB o-jLjji <AxJi <_ja (jj Vll \W (joifLuoil (JoLujIaII (jj (^) 

^Iaj IjJrajI (Salmon ) (J_fr^Ea> IaIaja aJL-uaj AJaJJ^)A aJL.ua ^jjj.1iaL^)I £jJaj (^) 

; jA aJLuiaII a,AA ^j-si^Iaj 

(jjiLq’i E jD j A aj£Laa AjtJaS AB cl)^^ 

^ jilj AD=EB :uj^ i * u^'j 

AB, AD, DE, jUaftfl CjE jj! jjJl 
a^.Lula ^jj)S‘u*i ajaIc. EB 

A.AI.^aII AJiial&ll 

SjjI^jI A^-LuaI AjjLuia (jjiiLuill A^.LuiA^ 

.FOC jtUjll L3 0 

UJiS 

9 L ' ^jjjAaWLo jAi-ai ^j-o ^ulall ^a-a^-all ^ra^fc. Auaajlxa lAAau (_5-^ ^J^)^ 133 ^ 

,f\U jA ^ L^ia JS 
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jlkl ^3 AiLaj S^C-LolO ^a^XJ Ua^U.1 V QjfLluJ Ja _ Ll^ (_J-U-llA^^l rfl j\ (8) 

.^tJjUll ^ ^1x11 jjJ C5 io 4_iiua c-jLlujIj tillLl^.1 

?aJjL<x]| a^A t _ s ^' (_3^jJ (_£Aa L$^ ls^] (Jm>.Lv.a.\ 1 lliui&a t ljLx^.1 t ^jjj-liisj .Ixj (§) 

? aJL^. (Jjiiil I^a ^j>-aj (_£•!* ^J] J (JLac.i (j^^ilal a^uc.1 (|^) 



x 


O Aristarchus 


(j» (J ^ ° * -f\ * 


^JjJ^^.^ l -Lu . Lj'J 

fi^XJ 


f^j' 
l>j) 
(jajn’itM jjIj) 


AjjAiSjoiVI <■ l-Ci-a JSS (jdj.a'N ji J] AildaVI-J 

) j^.l-sltnl 4 (jjjjdall (jj-daLj^ll J 

tillail ^alc. <LalA dll jtajl Jj (J^J_^aji] dlajJaU^]! 
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\ &\°i <jl£ >^j . ^cii^^c-liLa d \\\a (jj^j ) ^jj^-gLuj (j* j^.jlluuj! 

4 4-alg_ll Aj \ajJiJaJ ^ja # dll^ll ^^9 djLi)Jalj^)]| ^-I^J-ujI ^a (JjI J ^-IjVl 

dlli ^Jl (Jjj-^a^l! (JdXuj C5^J ^Jj AjjolJ L_jLui^. 4_1 Loia 4 (JL^-aII 





Q l^yij^. ^jliLaJj^) I 

-A^lj d.19 j ^9 ^)A^]|j ^jjAAjudll 4jj_j 1 (JjVI ^-9 ^A^ll L^-Aic. 

^Jajaj LJLnai ( ^Jc. llLjj ^)L-ali3V L_UjaJ! ^A I^Aj ^ /SMK = 90° 

Z.SEM S- 3 ^ xi>1 ^ (_>u^Ualuj! tillil 4 >jVi cJjIsj 

•^Jj La l 4_iiLda9 A n^xi.) jl L_Jj£jaJj ^Ia^ILojI 4 l_Loq£I l-^A j 
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(j£]j (jC. lAJbu 0^4 ES j EM (_pajVI (jC. .'ix/l (jnauill (jl 

((jjiUi]| ^3 2jaS! ^3c. 4,-^ni IjjjS (jl£ L_l£j^a]| UaaJI 

(jl -^J j»j2iUl (jx jllj l—a4_i3l^aj _Y 

£5 _ ds 
EM dm 

(_5j&Ua]| ^a-aJI (jl A h-s^La Ju ) 4-ilc. (_}4ajVI (JJa j ^aill <_S jia 4j3|^aj -V 

(_jJI (_jJajV I (->>~^ 4 ha I !■_ Um~VJ (jl JsvLml ^^aal] (_£jALla]| ^'N'sll (_£jLjjJ (jjiAaall 

_^as]| ^ -| 

;4jjVI i"'l ji >ijall \r, aIuc. ^3 (_}j j^jIIlajJjI JLaJC.1 JSj 
^4i]| j (j^a^Vlj (j>i»a>all 

_(jjajVI (J J?*. ^4s]|j (j >i.a >ull (J(jJajVI -\ 

Aifliiiws ^ _a ^ i l ni (■ ^ l ^l l _r 

.(^^a-uall e J■ <al (^)jj1^xjI ^)-afl]| e j■ _£ 

_(_)^ajVI (jtioull e jt>»l ^4a]| l. '>~^ (jft ^cjlj i—aju/sll -O 
_^4^]| ^Jc. (JJxaJLttjl (_)JajVI '>~S (jc. ^Lj t—Sjm~\ll -1 

_(_j^ajVI ^>ia9 <■. iUa*sl (jj.nn~ij.a jjIj) Aajc. 1 dlLuia^ill oiA ( _ s -lc. 


(jU jJI (j tillall 
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Ljajl 1 -A. W’un-A 4 ‘\\ K>>J^ JjIaLujI j 

Jj^ajlia cillall ilil u>Ajj31 


^Jl AiLuball L 11 '^ 

^JjljtXxxl] ^jj AiLaL^ll L_)LuA^. 
^)la3 L. \.i^rx \ 


^la3 <*■ L-lLiai^. c. <jj^ t Y * {J^xull C- 1^1 a"\C- 1 4 ^jJJU ^-Sj-uj 


j^jllaiJ ji) (jC- Ufc-lxJ Aj^I j!Lg (Jjj-gjoi]| <xjail j! - ) 

^jUa^uAl jI-1a ^AC. j! j-ujl <jjA-a j! ^_a^)C. - V 

#L jljjj^ Y ^ I^Ja LiA -V 

V,Y Aj^.V^xaiV 1 ^Ac. ^Jja^joAI (Jj-G U-J^ IAa C5^ “ ^ 
# A_^p V,Y ^jl jjjAj AjjA^jojVI j5 ji) -O 
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Luij AiLuiAll 6^(jl ^joj! AiLoiAll t_u i \)\v 1 ° 

lilli jA L_fl^)C. i Qj^ Jilj L~& A * * ^Jj]| UjUj!x_aj 

(jl ^A^JjjjI -V 

L—bajLlLQ Ajjl^ll (J^Ia 

.AjjIjII £-g 

(>ajVl (jl &jc. - A 

Ij* 

360° 



Y .JiS 


7.2 


-x 800 = 41000 km 


j Wq\ ' 


gllL-jl 4l« J -5 


6500 km 


© Apollonius 





(j» <i n * -nv )gn$*y«j«yi 


— Derga) ^ j- lKAH _?a 

^uXo-oxjV y«9lx4 _jAj (Jlxji 


AjjI^j ^3 ygltul ,4ic. ^l£i (J3 j Vj 
C5j Jallj£ <J J$2i cjjl j 
" Jajjlx-o]! olxil" 4 jIj£ Xlj L_*aj. ^>4 j 
4 4j.Ai 4jyiaj £ * • Jc. (_Jjia.1 


l^c.|_jjlj ^jlnqll (J5>uj 


yUjJI ^9 
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AjljI^II lllljjAllI C '1 ‘l«a 4 ^Ic. ijA^J C i I jji ^jjll 

^I.'iVumI (jjJ 

(_£^)Ialjj]| 4 ■alVn^l ojll dlljjj£j L_l£lj£]| 4£^2 »_j (jk2 4] (jLac.1 4 j2>Ij ^aAl 

A-dlj Jj]l dlljjJalj^)]l jjlaj ( _ s -lc. JjVl (JLaC.Vl aAgJ (jl£ ^3j ^ 


.Ujl . : .Vi il j 



^u' lP 3 j^' l> Jj' (D 

•lu jKjjjOjI l_Sjjjt_a]l ^ WlAl Jjaj j»JJ C_l£l j£ll 

UjjjIj <j£]j U-tk aJjLJI (_j) .(Epicycloids) 

IjlgJ Ai-al-*>.11 4-lUJlj JjjjS (jl5 cdlall ^Ic. (JjiLaui ( _ s -lc. 
(\ i J£ci ) (Cardioids) ji -_?a 


A_i^)iaj]| i J -\aW liA ^ i AisLall dAj^)Iaj]| ;A * l»i«« a 11 tlj)@ 

•a_u5I 


•4 <-. 'A'i'. ’I 0jll jjiiS s^)S LiiA (j£J : 

5(a) A -a-Luoi Aj^L^j 1 /(a) V. jP (^ 

4 _^Luia j y(ij) 4 ^ ^ 


(_$\ ! Aj-Uij ^gjj (J jLalj ^JJA^LoiaII 4_luiJ 

S(B ). V(g) 

' ■ 5 (A) V(A) 


(Jili. ^ya C <1 CuA' t 6 JjlAit jlaLuJl ^) 


(j.c. La^J-lau A-la. jl£ lij a^plAl A.umiIIj (jjj^jialiLa (jllLajll (jj£j " ;c_ 

;4_JIj]I aJLujAI ^^Jaj "ajjlAl j)Ia3 t c - ^' £j^a] IjjLaLa 
© (_>u jSjLljA 
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B j A 

j'im.all jjjlljlj (jjjJaaj 

^^lill P m.’l ig II (J^all 

.*ilj PAJPB —c uj^ M 


(JSai jjj yj\ jA jji i 9*J La^ t4_LAiij (■"nil 99 j 

.(YY 

4_llaj^)d<i]| p ^giaull dlj^lil ^9 ^-aJ^Lllx JLaC-V 4-aJJ A-ajlnxJl j^JJ^j| JLoC-l 9 xj 

cdlall ^^9 jjj j£jLj& lg_i ^jiiuj diljLdiU <La9iaj 



t O Hipparchus 





((» l 3 ^ ^ 0 - ^ A • ) iJjiS™ iLbvS 

j-'jj 4_iiAa 1^3 AjLi^. ^3->a .a (jj j£^)Lu& (jSlc. 
LjUj Ij^^j AjIi^^I 4jVj lillj ^gk tdI!La 

qji (jjijLa lilliA .4jj9j£jjiVI 4jj.I<a (jA\ dj I Aft .a 

Laliil £jdj i^y a (Jjl (jl£j t ^^lall ^JaLuil 

aq\ 1 9 1 *Lg_jl_ijL<a i <A ^ ^^ A >a /j i t 

jjJajVI <J^)-aill jj9j i* n^>Y tdj.wll i^llall ^Ic. 

L j*i>a/*ill J ^ua jVI J J— 3 3_ijjj9j 4_j^jI9 *X J^-} 

.Aj^)j|J (J| j^A^\ ^l-a-s ^gk A£^)^J| jjj^Jj ^d9 j\\ (_>aijj 


X 


Cp jjl ^3 dill 
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(Jiuulllj A£^)^. 4 SJja. Sjjj^aJ ( L-d«aJ <j! ^UalLoal _^dll (J^/ld Q*J 

(JjS ^)dl]| c_aji»i\ Ai^pt^a ol Wunl tilldl Aij^)x>a ClulS <_£^)dl L_l£l j$> Ajai-ad A^^)^. 

# Ajj-1^. ^jjjC-Luj Jl 

t' am'] jl (jJldc-VI o^j^Lla! Aild&l j& di! jL^Jl qa <jl£ Lajjj 

(_^jjjlg_a A-J-ldjjajlj 4 qh (Jj^ajJ -^la ^Ic. ^£-<a ^)JjIj 4-1 Lf '^ 

Sjl^llj (g jUajoil! &\ j!La>V! -lad ^Jalij Jalaj (Jldc-VI JalSj ^j! J] 4A^j.Vqll 

6_jjJ 4 \a*\a (Jldc-lj g- 11 ^JJXJJ ^jlda (_£^JjoiaJj ^jjxAdll ^IjoiaI Aj^)&llil! 

4 AjliS,^ 0 0 ^ djL&l—Uj ^ ^ V* ^ ^ L \ A InlAn'i l A \ i n\ l J ^ 1*^ ^ ^ UH Y *\ % % % 

.AiLlS-lll 4., flx^aj ^ 1 ^ ^ >.^*\\ dia j\\ i^y& _5^_5 

;cilli Jj AildaVU 

Ja^ia^J ^_uj ^AiDadl! ^Lldlllj a!Ll1a]| IjIjJjJI t ^ wn^s. .Vgq ]ClAlll!L&]| LjI ^-gjo) • 

.(j^a^xllj (JJall 

O^J Ia^jIjjIj L^jojljal (Jl^Jalj IjIj^I! a5!)Ic- ^ja dad (Jjl-1^. (J£juj Jjl • 

^Aj^lqll AjLLuia. J l^al-ldlLajV l^.Ud.1 Ail (Jdd-all 

# <jjj j-ajllaj cilia j JjUI! cillall A*J • 


(jjfLj CLua^j t*I^djj ( _ 5 all P aLSo! ^.xa.Vig.ll Ja-all A^.j\ # <_gjluidl ^ ^jiiLlj ^jjlLkj B J A ® 

. PA/PB = Y 

Qj^J ^dll <^1 (j-o AaLuwxll jlauV Ad^La -LxuijI # da^)xj djl ^) 

.^/ndjjl jj © Clilj^l ^alAdLcul 


ClaV jdu 
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ba^J-lau Jaliiil ^.Aa.Vig.ll 4_^->-a ^ic. ^jA^J ^) 

(jaj <L^al^ll <AjSluAA]| L jb-^aliLa ^glc. (_£^j-aC' ^oalLuba _^A i laAj i ^jaiLo^lx-a ^jalla&j ^jc. 

;<^A ^aaluLftH 4jjlx-a;i—j|^aJl 

A x 2 - x i) x +Ay 2 -yi)y + y 2 i -y 2 i + A -xj =c 

(xj,yi),(x 2 ,y 2 ) ;Lq* jjjJaSjll Cjlulia.1 jt Laic. 


<Ujlx-ailj (J!Loa (ji ill (^ 


x 2 +y 2 -1 


JaULill 6^)Lall SjjWI aJ^Ixaj cJIaa Aulo (_Jlaj 

. ( 0 , 0 ), (- 0 . 1364 ,+ 0 . 9907 ) 

^Laa ^Jl 4_Luaj jLaul jA l_j^1Lxa1I j 

(jjaiil ^jlat-iJa^J ^aA^ull (_£^)laa (j) (__jjjj£^)LuA c_fl^)C. AiLui-o 4_ud 4_a^)*-<iJ (^ 

(jl .‘Lial^dl (jaxil Lu^Jj ^akllj ^oa^II ^jl 4-iLiLaJI I^Aj ,^-Lualll 

# A^p Y c_j Aaal^a (J^l^. ^tlii-ujl ^aj <^a \jJj^)II 

Ydlta ^j-«a ^tULojj Aj^-aa AaLuiA ^\ 


?dLi jj c^! JljJ 


O* 


jj jjl jl j^a L£ (6) 


di.Wj ^jl ^jfLaJ L <lj^ Ajal^a (J^l^. (_j-q AA^)la (_)jj_^j.iA»uj_jJ <jl (Jaa (^) 

?diij 

CaA g-Lftiaxii djlall j^jXi <xa^)l pLaxjjLj ^Jjjaj_^l^j|j j ^Jj^aialj e.Lajail dala-U_jl -Al (§) 

JaLu^jl (_£.Lg Laj ejlall o^A (jj^jaAj j-lifLuaVl t nilgai 1 ^ic. 

.(jjadala^ll c-VjjA ^.LojjjIj 


^aWt XI 
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UJJ** 


UJ^' L5* LS* lA^ 

^ (_J^c. .A/LAI (JjVl 

djluliLoJ) cjUj^ajll AA^jAl 

U^J .yj jrj-^J>il JajJaaJI 


^ ' La 4 ^w\l l s-t\ * 4 iL -Av 1 4 jLLS ^Jax ^ 


4_laia. yi La V) lg-La jjJJ ^]j 


;4j|J)Lajj jps 4_ll j )xJI dUa jLi-n. A 


;4 a * ,L 4i^^jjt-a]| dl!La]| 


A = 

^al9 .19 j _ 4 3-iJ~s<a L jb^aj d j dllLall ^ jLdi (Jl^jJai C J b J Cl (ji i A& 
(Jjl jjl V) (_>u.\;<a , Lji (Jj 9 jpi 4ij^)x-a dulS oLa 4jL4j-a]| ojlA (ji (jJOJjjjVi ji 3-»Llj 

(jl&^j _jA Igjlc. (J-sxa«a (jUjj 
t^jLjaVi dljjj£ dLjjJ ^ t (jjaLUll 4.1 ^l£ La] 4juLLa J^jLuaVl LlllJJo£ (2) 
l“l\.*s\ .J.a I vj^a. > jLLa i £daj 433 _ ^ja]l IjlA ^^9 dll jLail L-aaji jjjjJgJ (jl -lia.jlj 



o 


UJJ^ 1 


111 




oA& qa ^3-iC.lj (j-« Alva AAC. IgJ 4-ala2La]l <—lljji£ 

(jjjl'' ■ " Aial jia * (jia*J clul£ Aijj _ ^^LiaVl dll»J^tt aJV-Aj t“'l -n.' junall 

(JS (Jj-ajJ Clua. <Lsl£ (j£j jj tjjJlIAJI (jLaC.l£ i AjLaC.i (j£]j .(jal jla JJC. 1 g *>»» Ij 

aIac.1 J ^ i <ajaaJl (j^ i_L^ai]l qjo£ C n-s i Jala A l <n^Vi J] l.ag ia 

(_^A A'yi'Sj.^ll Ann ill (jl A_Lal£]| A a.i' l i'sll j _A_uijjJLa]l ^^LkiaVI ^ nai (jlJ AjaIc. jjc. 

~ L *-* \ ^ ^f~- 

^uAalal J ^jJaanj'l jps e jt>ill j jjla lij^jx-a jl£ All J(Jj*#VI jLutAll (3) 

(jjilS*il jl tA,j*ijj»ii 1 A-imAiA A -N-yi ijyj jjjJA U^J LaJjj 

Ia& . JajmjVI AAjjUIj lI" 4 *- 1 AaAjJall (jl |(JjAj (_£A]I (_gxn.llliaj3-in.^jVI j^jjlal] 

£" L-lSlj-all (jlC. Ig-Laj MM' Slj-all J) £ (j-a * t5^- (^-“A 

j^jaII aJLJI c5^j 1 (V V SPE (^>-a-a Jauul jLlaa j^ai jlj 

A^liknl J^p J E J -ta-V . U^LS^ PPM' J 5PM U^!j'jl> ^ UJ^ 
Aja.j ^»Ac. <il]A ( _ 5 -j*A . MM' (-'jq'nn-all A, nnillj 5” (_$-* _>>-«»5l ^ n,all jiiaj S' £- a &AaJj 

^bliLa SP' E jl ttnall (J!La ) Jj-aal ^)a.l jLona 



XI 


Ajjljjj]! CLlgil 
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■ j ij ^ aj ULaj l a^)*J (_£i]| ) ^ji A 'M c^l^aia]l ' l_ij*J La] l.!}^. laj-aj ^ Lr. i ^] 

jj£]j _ 4 j*^j il‘sjall Alljj] (jLllill 4_^jJ ^5 ala]| ^I.YVnal j& lAla]|j ^ (jjjjA 

Jalj ^juaJ-N lalval I."n^t t^aaC. (jalall ^pJjl (J^S CS^*® (JSLaj [J^JoJ ^»] a^)£s]| bLa 



i>‘'YA1 (.1& ^4 James Watt 


Vi'j (_£j L^J iLl^p-a £-UjaaJ 

4_ia jjliLo (_jl a^alLaa AjjIjjJ 


;c_ui^ t »-N.a ^ AsUa .}]jj 4j3j 

(J4 LiOi dulS ^a] f _ alia iLiVViLa 


4_ic.LLaa]| ajjii]l j AalA 4 jAjj'1 


.LSJ&\ 


UJJ4A LSja^ 


ft Ptolemus II _ < (j> wa.]« ») tg^yy j j-" & * {U ; 

^jLtll AjIj djLuaalj j >]| ^gS i _gLijc.')}\ (jl^auVI L La. (jaJiaa.jl Jl£C. 3 ju La 

; -»g la ( jjJjJalj j )]l jja JaSa (Jj]ila]l L/l ^)g,)Ll ^] (jjjjA 4*Jj . ®^Lla]l A*J L-ajt.-vL j 

# ^u^-lljj ^u jlllijJ^j ,^-jlLI ^a_iUaj 
^ij CLUlla]! (qji j£jLii^] Axjlla ) Jac. J3j < _ ? £la]l t _ s -jlili] (jajailLaJ (jl£ 

AalgJl (JLaC-LH (ja .f J> 4 ]' £iil _ja <■ aiLAl ^puJaJJ (JjIa^. J] AiLjaVlj 4 Jl Vi all (Jjl^JI 
.LjaljiiJlj 4_ujAj^]| ^gh 411 jl ■>■ jl J " dlui^.La]|" t _ 4jj]Li ^-jLaJ] (jaijajUaj] 


© 


Q* 1 
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tVji t jjc Ajlij qa IA AxaAi £j±i :(Almagest) alt (I) 

IA> 0 ua^)C. As _ lulj t Ala] 1 j ClAjliLa]! ( alc- i 4-a_ia]| CliLa tillj ^-Ic. 4ui >»'i 

4 tVll \ t" n ^ i ,i i 4_1jjjA]| jja j V ^ 1 A jS J-° A J ^' (jc. 1/Lwal l_llj£]| 

4 qIIia 4 q/q-v l** t's. t1 A t** n'v i 4_]j o j_A ^*:Li]| ~ V- 4_] j A a dulS A j A i,. j^ulla_i]l 

lg-Jj ^))-> ill ^aJj » 4 jjL<uA| jaLai^Vl J jg 3-i 4_3 Luia] dlllSj 

^liaj]l (J_j^ (JJAI (jjfLl (_]**] l (JLaSljj A .ajlnC. 4 _ia]c. 4_sA^A 

4j^>laj] 4 t>»Sj ^c.^>]Ij tilli (_J£ _ 4jAlj 4_afill 4-dlc. 4_^.jij A ( _ 5 -tialj^)]l 

1 _pa3 j )]| liA ^ 4~X-\ elljl£ Aj _ (IgJ 4_agjj jA. j) (_Jj.i u 1) 4j^£^a <J(Jjj 

_4j]j£ !■_ imlffi jjl (.. l-yj ^>a-N (_^l 4£^a. (jl 

blAi IfrLa o^)-jj£ dllj^)iajj 4_LuiAiA (JjLuwi L_*aj| ijj Al t. il ^3 jAcuJU^Jl © 

; ( _^Aj o^jjIAI ^ jljjVU 4sLtla]l 4j^>laj]l 



UcLj ABCD u 15 'j] 

Ijjli ajj|j (_A La 

AB CD + BC ■ DA = AC ■ BD 

4_jLij (JliLi. lg jlc. A$ 




,(\ i ) olttUI 


^g. 1c- l S-lAjua ^C.Lj^j]| JC jail (j^j5L LoAitj l 4 oigJ 4_t-aLi 

;lfria 4 Sj^)jlAI 4_iiliLa]l dlliil/l*JI i_ya* j J ^Uaiujl t^Jas]! 


,ym(a ± /() = sin a cos fi ± cav a sin [i 
cosia ± /;) = co.v a cav /; + c sin a sin (5 


XI 


4 ijUjJl djLL^ill 
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o4A lillil _ 4 Xlallj 4 _u11a]| 4_ljl.i^. elij ^3 4j4c.Lai i LaA JJC. j (jljiiiljtJI (jljlAj 

j-ajllaj dlliilxJ ' i'jG dlliil*JI 

^3 4_Aj j^.1 i_iUS lilliA c_iIjS 4iLjaVlj (Geography) hjSl j» yll (3) 

(JjJall JajJaaJ Lalioj ^_yu j^uliaJ ^.iiL c_llj£]| |4A ^3 ."LlSl ji^Jl" (.. _jA 4 -i^aVI 
jps ^jjll 4j^jaj (_£4ll i (^-ujj.ajUaill jl) (_£jj^ 1| JalLjjVI-J <—ia^)*J La jpuJall Ij 

1&JJC.J i jlg-jVlj (jAaII (j-a £2_J-a A « « « Aj^aj 4j^l_i. (jx pUalLuil A3j .Jajl^iJl (Jili. 
(jjiuiliLujjjl_jl (_}AlllLa ^Ic. Al ■ale.VI (ja VAjj jj^jj .(_jAa^)VI _J-all (ja 

tojl-k ill ^ 5 -^-jl (_$a!I ^J-aVI i (J jJall Ja j 3-)A l_ 'Ua^t ^^5 42A (Jal jJjla AaJC.1 

4 ilr- Laa ^Jal (^pa^)VI Li-s. a J » ■ 4 (_^ ^la ^1 C-fl ‘^j 

Sjlill jjC. dl^lll o^)Jg A)II 4j^)aliaJ ^j^jdll (Jj3 IjjjS AAjj] 13-iA 1I lAgJ ^jlajlj£ 

.a Aj.wll 

<P Diophantus _ l. 


(jAa^S 4 xagSJl dlC.UalLjj| A^Lla]| AxJ lLi]Ij]| (j^all ^ 
Halil (jAa3j ^fk^al A3j tlg-3 Laj Lajj ^3 IgJ^laJjjj 
jl£ dl3jll oAA ^gS _ 4_ilc. l. fllaM loji SAjA^JI 
4 t^»l A.1I 4jli^jaj 4_ij^jJailiVI .tjHa.llI ^jaaii (_>ujjj jj jL 
^3 jLmaJI ^3 (Jaxj (_jjijjjlijjA jjl£j Lajj ^3 
alia, (jft jjSSlI t_ij^)a_ttll jjc. (ja _4_ijAj£jjjVI 
(jjj aij Lg_j| (_j(1 ^j 9 (jilc. j^lll ojHall jl t^jijlijja 
killjj . Glc. A £ (_plc. ^1 t4aAj-a]| a j ljj£]j t4_i4iLui ^j|^)llj (^-jl-jll 

jjj^j (jl (J-alak^H jpj _ 4jLi^. t- <lk^ij] 4j (jjj^jLkull A^.1 1 g.il^l 4 ^>*^1 (JjLi. jpi killij 





© 


(_^yula^j4 
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l y ) jJao (Arithmetica) <—^ 

^ YY £_ Y £ NJ e^iall jXl A_j j.^iCXI i Vq>J 

oiA ( _ s -lc. <liLaVI (j-« . OJJJ^ djyAjt^a} Vjl^.j a-iC- _J-« (—li& ^_puJaJ Ijj 

IjjjJjliVI (jJC. jjJa j^i]| Ig-^Jlc. ^1) ^n>il 

|4jjVI HI m»all jjislj Jjt ^3 *j|>££'VI 

- 5 * * „ e 

YjjJXJjH p J-a>-a J) IftJ-a-s.a lAiC. p jjj <■ LP ;4jLuia 

Ig ■aj.aa'i Cl = 2,b = 3 HLHl JlLa t HLuia]| O^J 4 >.-il-Lll (jisLij 

(Jjlev'll 1 gWl/a ^jLII (jli a — l,b — 0 (j^ 'J nl las2i J] Hjg >ai 

.Lljjc. Ili3 (LAjj^Ij 

(jS 4 Jn.1,1 Ig II JjLuiaII j] 4l^Jl*_a ^jc.j ;4 J* til 11 a 11 J (2) 

■U\ll\ *53U1I t 5jjl jit ^uil dJUl ^ 4 ia>V ^_jU£ 

Lu^a lAic. — dl]!La]| HH-uxa -|- JJ<■ c - £j^a 


Jlli. (Congruent Number) i .ua l yul l <—sL a 4_k±ilaiUJl oi& j 

^gjtuja (■"n^> fcx~ Aj^Lui* (jj£j jLli l“ll*<a -i^.j I j] !■_ UalYi,a 41) qC. 

(jV Aj_jI jll jllls £ l j £ • j ^ 4c.'3uJa) Jl^jJal dlHall bllaS La 

9 2 +40 2 =41 2 


dJjSj 


U_f\ 2 

sj; 


+180 = square 


£J^a Ait 


XI 


4_ijUjJl 
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.<■—luAjia 99c. jA © lij J80 — 5x 6~ u' j 

.djjcljd dLuilaJ 4 full Hail 9l9cVl Aiiitc 4 laa.^. -» jj^a-1 l » 9aji LiA 

J>li Jji j$9 Jj 9 jdjja-all (JJJJfaJl ^a! ^j-a 19^.1 j jjji jijlijjj 9 *j 

o9A _ Aj^i^JI L-jjSljjll (jc jjialll A-daLi^ll jj^i^)]| ^I.’iVumIj 4 -sg ua AAi^Jaj 

: 

Z1 T =X 2 , 

A 2 * =l/x 2 

K T =x 3 

CliVAm a\\ ^jc. alA ^.ikllujlj 

L_iaill 11 a ^,3ma.j <jl ^1 (j^ia.jill bjC-di <jl <.* \yc- 


t O Papus 


^ t « «) 


t _jjj.*>J<a-^t.jij ^Jalal (JLacI daj>.-iA j t AjAi^jcVI Cllgdlj^)!] Lafrx 1 i..-iAl.a (Jji^jIj £jdj 

oiA dul£ 99 j . "Collections— dljl^d " y-a ‘ 

dLu9alj j )]| l^>JJjca Alild C-i^jxJl cLalxJl Lafr^a L*^.^a dl jll-dll 

.Ajj^hJI Ailll J] AjLijcVI 

m9 Ig II Jajjjiallj ^jLuidl Jamj’lall ld^ Ldaj jdj Ajj£ 9d ^^9 ;(“ll l*i< >lj) I alt <D 

(JJJ -^3 # 6^)j|j] c JlLalLa (JjSj-a ^jaJ-liA $.Lalj! 4 ^1 jail 3-imjiallj 

(Y © Jli) BF ±OD CP>j DB .LAC : * dl9 S..jil Jl jl£ lit Aii 

:u^ 


i 
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.BCjAB Ja**,jlt DO 

.BCjAB Ijll £>5 

. BC j AB c^ 3 ' Jauj.ijll DF 


djjjC.l!u3 2 Laia*J yjj.iaj ^)i.l (jl^-a LS^J * alii J1 jjfl I (^ 

iAj3 ^Ic. (jJ-a^y-a^-a ‘ ^CCja\ i."lVl.a (_^l ^3 LjUiul Ijj LajS y)^oaJjj 

^^ai_a Al^Luia (_^jLuj i lLi]Ij]| ^lc.t sIajojI 

.jiuLaJl .ua 

2JLuia] LaJAXJ f^yajxj A xjj.* 1 Ig ll ^^3 yjjjjLj dlljLajj ( _ s -lc. jji.1 yjll<a£j ; (jj^* ® 

;^Aj (jjSuoij AilatlaJI 

UJ^ OA>W^' 2^5^jx Cj, C 2 , Cp..., C n , ... 'j] :<Ulun 

^Jc. \ g t>»» J £A 2_uaLaIaj AC j JJC j AB jUaSVI dlli ^jlj.i]l t-iL-^aji £A 2_uaLa2a 

njis jj-Ji J> jii (xnjiS) Jijili 

C n s_jjl.il I l>° cJ jl-ill 

n iSj^i j]^\\AC C5^ (yrM' 

.t>3A S_>j|3]| ^>ia3 (J jJa 'oj^a 
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jjJJ 4-ill ^A i ) IjjLiA 

ajjaI^VI J c?'^ (Theon) 
C n^> (_£AlJall (jjusldll jjall AjIaj ^ 
(jAa*-l <3 jl£j dLuAaljj]| J (_JjiC 
|Ajg >a.a jl£ A3j .1^-lS dll jldVI 


dlaJ*j dbo^aj dldaLJI J 4 lg_iil 
(Jja. daj dddlijll oj^i^ 

.^u yin^jj^ J (jajjj jj! dlgLiS 


iAUa! J j*j AdjjLi AaAij (jc blii (j)d j <■ djj *•. ill^ll ) "(Jj jl jc " A_iljjll J Ajj 
(_£a!I liA |_JA| jll lg-Iaaa.j Ig fiS 4 . id i_S j^jj ojjAVI Ad J 4 l^kjjs 4 dAa.j j>■<-»»ll 
Lg-ll 3 ^ all j jdllfi f'j-s. 4 Lgj| jj_iad_a (_jAd ^3 AjlliS dji ' ■ >»» j j£ij dd& j ■ ^ r - 

(jl-ii.allj LgJj (Jj-d ^jill Jlidli . cs^JJ A_il V) Lilac, bda jl£ j]j 4 A_±d/I 
(jaj (Jlaj jl 4 SAjIj JlSa. (JlaJ 4 —i jjji 3 4 UdjjL Ia ja did aj jl 4 ddjaljjlljj 
i_ajclj A 1 J dAdil Ulj jLicd d^>js A 3 j ... IgJ USIja] Acjj dljA] (jc (jjj^ala 
djdj -jJ| Jjjdd (_£jjAsj Ijlialj 4 (_£jIajcI Ijlialia 4 JjsAjIj 4 Ia^. dlLI Jj| 
Aljl (j*a .(JJjjjlijjA dldaljj jc ^jdll 4 <clill oAA Jl Acd 4. daj A*J Ajci 
4 dLdaljjlLl (jjlildill (jjO jjfLl (jl Alaj^Aj 4 Aj bLg_uij bLfcla Aj£jddl jJa^jd (jl 


!W*J» (JA jdj 4 IgA jfLi V Ja. 
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© Liil nft 

\_g_jLajjj (jjjJ dlLu^alj^)]l ^cjjlj ^ IjjIjjA JjJUj ^ 

LjjIjjA Ajlgi UjA ^1 .33 j .^g-jLjJj]l ^]L*Jl ^ ( jjJjJalj j >]l 4 mj 1^11 Ijl^jJa 

4jjaj£]| ^cjjIj AjIj£ ^ ^ ^J* ‘ ■'Vj£jji]| Jal^jiui lg-i3 aAll (_^jJlj AjaLij£]| (Jj3 qm AjjLkjiLall 
(Jj 3 JllLa u Akja^ (_Jj3 ^_y» C 'Vi3 IjLjjA (jl Aj 3 <vL^. ((“ l r J 

jl£ L5^) ^liLall L)^JJ t —^jiij Ajc. (."'.W lillj (jj JULj .(JjjJjjj iiljj^)laj]l 

* * 

\ f)\ nA ^j! 6(JjJ;ljaj (JJJj (ci^ C)* ^ .U^ '■\3 <Q ^ J *s 

l /j ^q\^-v a \\ Jjlidll l ' iu.i l_g_jlj CliLuJalj^)]! ^9 ^)^_u2l j fii4 _uj^L<iaj 

A \y A& J 4_Lajl5 4_Lalx-a .AxJj t 4uuji!l l^jl Axj \ g Ig-ilc. 

di\jjJalj^]| \^ x a ^gTn j A jn'jg '1 4_L^.j-all j 4 jjU jJl SjLja^jl ^gTn 1 f)\ n A di j-aj 

^Ix. L_klV dal (^il! dlLailall J-^aC. 1-liJj 4-ljljjJl 



SjSB ^^-uj^ullajl! -Laid VI ^aJJ (^ 
£ 2 +?? 2 +? 2 = / 

Jalij aJLILq (J^d (j-o (^aVl ^jIuaiaII ^ic. 
t-dall qa 1-lJJ ^aaluoxll (, daj ^JalflJ 

(4jj^)flil JaULill ^ o^^ll {0,0,l} 

.(JaliLujVI -lalaj ) ^^aaVl 

*C-Jj)\>><a\l j 


?^isVl ^JC, _y) JaLjiAll jA Ia 3 A.JaVill diljjl^^l Clijd |jj 
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4 i3lijJI 


XI 


• (i 0,0-1 ) ^uJJAjlJ^ll JoLlUaII jAIa ^L_3 

?£.|j1LaV 1 Il' < i*^A jA Ia ^dl 

?(_£jIuaa 1! ^Ac. l^JalLujI .lie. a^lll ^Ac. AjlSIjII (J_^Iall AajJ-a^ ^)j| j^l C i.Wj IAIa ^d 

? ^jIuaaII ^Ac. l^Aaldl .lie. ^Ac. Ajl9| j\\ (_pa^)*Al -LajJ^^k ^y \jji d.^j 131 a 

Aai. *a^)jl»ll ^jajajU ^\W Jai*aLAll ^tliLujI 
;AjjV 1 S-ic-lil! ^^A ^jj^AuiLaj l^_Al ^all AjAIAaII dlij^l*Al (_£.l^.l 


. X 1 — COS X 

sin — = ,- 

2 \ 2 


Ya^elall sAa i^lc- IjIaIc.1 s in( 15 ) <—L£ 

?(jld*Al IaA Ia3 _ TV * La^-IIX^A ^ JA>AJ ) * l.Ag.C-J)A>A (jl-i-lC. \AS2^\ (_}jJ jlilfljJ.} AALaA (3) 

(jl.UjA.yiA V * j ^ £ (JjJ^atJl (jl (Jxu (, \f\ @ 

.dlA-oll A^.Lua U-jLa^. (Ja (Jj^jA A 3t.jj.-r-a A V‘‘AAa jl ^-adA (JA^)J (5) 

(_gic. i jIa'ic 1 ^^LdVl dlj^ljlAJ aAIxIa]! (_}a_jjIa 1 di^^C-liuS Aj^Ioj ^ja».'i A ^Ac. lujj.liA j)A^)J (6) 

; d UJ YV JLill 



Y V Jdi 

cAa (J^-i^Ia # (Jj^jA LS^) ((_s-*^*Al J LSS * l>rfn ^) (_gj)x^>q\i A.Ajqll (_JjLaa (jc. A-L-saS J_^xj LaJ^) (8) 

;_^A aJL-uaII 

(Jflrvll ^jl's.A.ll ^jl.laJl (jl^jaiall ^a3 Au^. Aaliiill (JA^. Aoajjj ls^" ** ( » t j1_JC' 

i (Joj YjjfLaJ Ia (Jal Ac .jJaLall A^Laa]! (jj£il Aa^Jl lg>ia JaSHj A-iakill Ia /o^adil (JALaIIj 

^iLuiaII ^lalaj (Ja A^jlull AJakill Aajuj^aII Alakjll (jl ( g. j.dll (JaI^juI 1.1-uA A^jUaa AxS\,-\.a) 
(Jj-lrw-ill ^A^ILjjI _ (Jir^Jl (_$j IuaaI A-LuuIIj aJ ^j^'u^aII ^a ^jl^aJl (JLi^.j S^auulll (JjjI^ (Joj (Jj-sal_jll 

# (_^^)^l Aij^laj aJUaaII a^A ci^ 
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£ VI ^alc. JaLaU Loj^) (j^ L$^)'-^ (J^ Clul£ dlLiiJaLi^ll fijijjw ^ji AjLlxJ cJa(9) 

(j^ *» 4-ijAx ^li f o * * ^Ixil ^jiuxj IjjJaLj^ Clu^j L ^1 0) 

jc*Vnl , sj (Jic. ^AalilxlLxu^l! fl li£j| ^1 Laj^) ^ 
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jLaojl bj)\ Jg hi dll^J £jLaJl C- Qj^xil^a 

^I.1xj 4liAj-alX. j)x^ai^ J| ^qjlAll (J*^. VI1 ^Ic. ^^ia _4_LaiLjjVI c“i\.*sjlallj ^^siLuiVI 
o^jall (Jili. ^“s-w (_£.i]| ) .liji j )]| UJJ^ s^*-j IIg U'sj 

l_,^a ^jja diLaljj-all^ i._u£]| lfrjS Ail^ft ^juail jL ^A*^_VA3 

J a >uj LjSjjj (jljj)j jaLillj jljjtJl ^j^> k“laUajl jIajJjVI I^a £-&j 

j^-Lam ts _al*Jl dlljjll <La^.jJ (JiLi. jj^s .HiaJl ts _alxJl JaLijll ^^3 A£jLua<i 1] LjSj^aj 
^ jI£jjVIj di^JI ^^a 4 >^»1 A.1I ^a^jJa Ijl>.-i jj j»j idiljj]! |j\A ( _ s -lc. Jali^Jlj 

;^A sjaL-a^ij dll^)j]| IjlA jjc. dlLa^jla-all ^»Alj . I—lLuialj^)]| ^^3 Lk-ajt^iAj 

;4_ijjCjA]| CjLtJaljjII (i 

ajutll !■_ Ua^k .3l.iC.Vl AjIjS • 

.Ig-llc. (■"iULaJt 11 j jjku’sll jjc. jjjxjII • 

dlLa^iJljj elilllj ^j'N'slIj ^ c_iLkji^j 1 g }-al_lJ jl (_£A*j 4_kjiAi^Jl <J^j_^al • 

. J^' CS^ 
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CjLtJaLijII (s—i 

laojjl ) ^‘slall L-iLjd^JI ^ iLil jl^Ll • 

diV^Lt-all (_I^j J ^ u> V' djU-L^aj • 

4_luijIaI1 lj! j<^iljjil 

_4_l£la jL-aji J J^-J ^->J> nlu Jajjjl l 5-^) ^ A-luajlill • 

( QjfiWj QJ^y '.all ‘LaisLLujI ) i.m'S ^aliaJ i^ya ^jy.j • 

AjjUjj]! CjLLualjjII (lj 

A Ayji dll^j jl^Ju (_j>a f'lj, jjll j^Uajl 4 _iIAj Aajlj jj]| t "''J 1 ^ 

;Ia AjjU ijjll l_u£]| 

.S^jUIj 4-j| jJajjiVlj SjSII (JLaC.1 • 

_(JLaC.VI ^.l^y | (_>u (JLa&l • 

l_iIj£; j_>u S'\:*j^ JLac.1 • 

a!' i _ila£ ij^ulLaJ (JLac-1 • 

^gi 4_3LaC.I ; (jj yAj (JLaC-l • 

dul£ lillilj (jjlljJaljjj ^Lalc. I(JLaC.VI 0JI3J Ql<a-N^La 3 l (jl jSilLj jj^a 

dulS £jjiLi]| qjSII 4-llg-j £-°J .<_ 5 -al»JI iLlajJlj ^IxJl jj3-Vil I^C.Luia iLalc. <La^jj]| 
jjjUJl iya 4-alxJ La ^1 5iLjaVL 1 gl.a'S^J (j^a elgLjVI jLi -i3 4 j9j^)C.VI (JLaC.Vl 
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XII 


JaalxII 


Jj£i (JaAAaII j)lj iAaaAAa A» ngij a^LuiV I jLajjI gui AAllS lij Ajl Igld (Jjklj 
<*311 u'aUI dll j\ !.>»-> j ^ jlxJ ^J^uill ^UaIaVj Aigt-all ^3jjj LAjaJl AjjAL^. _jA 

/ojjjS dVL^- UjjjLj Ujdia 

(JlLa A aViA ^ll iAaIajjVI A J^-J L "'~ l - ai A-Aigtll Ajj^Jal^i^y I (jl iAUa ^3 JcLi A3j 
^aLdll ^Jl AiLdVl-i tlAgiCg AjAajUll j Aj^gill^ AajIajaII^j Ajg-^a]|^ A_ggui]| 

AaAj^aIIj Aja-luba]l (J!La (jljAVI AaSj 


© 




;lfrla i 'I ■ aa,II ga oAAjLLa lc.|gl (jj.alm.allj LAgtJl j jj- l—ijc. 
gXl.ll j gl-a-N l.all (^Jc. L_lLai^JI gi ^jill lAA ^llVlml g-alial (jj U nil ljl« il^ £1 
.gilaA]|j jaII l. iUm-s jl ^cjjll *•. ilia's jl gAagLall AAiglaJ IaIa^. 1 (^.amj i^IIaIj 

.AaLLII dL}jJalj j }]| ^ IjjA^. ^Uajll Ia^J (jl jAaj 

^1 U"ll ga AaI ja 3| jit (j£LoII i._ iLolsJ jjIia <_'I .. ^ jA j A j II CaiLi "S 1 

_^J| ___ jjA Aaol A_ijgaJl (j3j AlAc.VI AjAdi C" ns. tgguAtll 

XII |jiA ~ AsS...l jij _ AaII ^aLassI ~ldS . .1 j^a gida (,_'I . ■ ^ jA j AaJ) aaIa“S ^A 

(_gi LIaS l_kll gill (f ^ 1 A _ ^ £ • ) lajll jj| JliLal gndlAgllj jLsaII (JJa 3 gi 

.AaII LaLjas 

. AjAj^JI Ajjgill ^ISjVI (»Uaj 1 g .afti tA*JI A.alVii gi . ggi.1 lc.1 gl c_lg«Jl A3j 

tfUall lAA ^aLui A3j _ ^JjVI CALlLaaJI (_^3 Aaj>u»I| (JjLLallj jj>a‘sll ^AAajaJ All 
(_^a]| AjjgnJl laj£]| jgl (ja _ AlAtVl A_ig!aj (^JIaIIaj AaAA*JI gglall ^Aali 

!<^A jL^a]! lAA ^ dlj^Ja 
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Ajjjx!) _ j»lSjSfl 


.Igjja. <94 nt i"\\ 4 _j^lAk ^ojJaJJ (_£ 4 ]l c_jl_ui^JI • 

c_ iLuj^JI ; (1 "l X X - 1 ° £ V) (jjall <vl-&4 * 

_L_iLlai^JI ^ 4 . s\ ^S/l A a-v'i • pile .) in ) Ja4m • 

.tjL-aJt ^aisil ;(1 * X *\ - nor ) v ij£]| • 

.i—iLuaJl jJc. (jc. t_Li£ ; X£A"\ — X£XY^ ^c. • 

•il.9c.Vl 1^49 ^dlc- £4jl ;(1•VO - 1 * 1 * ) iS JLa^j Qi ^1<~- • 

'jin'll C_lLai^J|j 4jjl*J| JJC. jj.XIIj (4jliwll) jj.XIIj A ^j-v , --.11 

i ^3^1] 4_J^lall <Laja]| Aj3 ^39 c_iLji^J| ^k LIjS (AX o ^Ic. ^ jl£jJaj 

^ AW jalc. C_l^)xJl Aic. ^>ij-a]| jj^Ja .}*4j .jLlalJI Jl jjJ4ij]| jj^a dlULi. ^^3 4-JJ^a 
-1 lalll j&j (J A& * .^_£jxi,x ll -1 lV'11 ^i.^l i A. jc. >J JlLuc-lj 

jaUVI S^A 

;LJLi. ^)9j-a]| (jl^-o Lg49 ^J44 _jl 4 l-i i , il - llllLa i V • O jjc. ^4*4 (jl£ (Jj3 


. AV^ ^l*Jl ^k l)j 3 (j.-a 


(JSaall l.i £4 ^> 9 j-a]| jaAklLjl 99 J 


31015 


; (JS >jjH ' A4.}*4 4 . '~Xj ^li^il 


3 1 15 
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XII 


Aaj^jUl o3A r A3j^)I»j t "'' V' i_y a*j (J^. ^3 L—lLai^JI 33j 

l—LljJalj A m3 1 ^^3 33C. L_1^3a ; iiU.3 ^^Jc. A_l!LaVI (Jj-a .A]Luia]| Ajlg-j (j^s (J^Jl |3 jj (jl ^^Jc. 
£tjlj]| L_ljjJaj o ^Ic. £tjlj]| ^aji 9 V ^cjlill ( _ s Ic. 3 jjj 33*11 l—SC. y-^J I £cjlj]| J) 

?33*JI jA LaS _ O . ^cjlj]| jjl^S 1 « 

^3 ^.-s^wll jjj lj,ajl»'l LAj£ jjjfL (jl Aj 3j-^a3 Aj| 33JXJ ^y.) Llj£ jjl j^Jl 4_i]| 33 j 

^■a-sll jj^Ia tA-l3j^JI ^alijVlj 3I3C.VI jalAiajall ^Uaj A_i3 tC-lLol^JI flc. 

^yyj tLuLikjjJ ^Jl L_1JJ^]| |3A (Jilj t^jj>a‘sll 4—llj.a~sj L_1 ^)i.>» 1|j A-ajjis]|j ^^Jallj 
AjjLalVl ^g-dljVl ^.jiall 4_llj£]| (Ja^. 33 j ,y&- ^Lill (jj^l LS* ^LL^-^I 
JajLJI A {&* ^^3 o3^j^^aj 3jll )tv I Ajjj^a ^A j Aj3jLio 1 1 £ V ^alc. ^Jj A_La A ^ uij (J jl 


,liu3 ^ 

^l L-llVl (Jl-I^. y*3 (jl Ig.Ic’ (jl^ c\-iILLaj] !^gk AjJ^jaJI ^alSjVl ailli d^jjLIjl (jl 3*Jj 
L^aJ. «=lL j » (j j jjXII lg_dl jX 333 'I '»»I' j A3 * AjLuj L^LXj djl£j tLljj jl 

; -.g jlc. (Jg ml o3j3^JI ASjjUI (jl Ijljj 4 Ajj^)]|j A all o^jlaj (JLaC.j?lj (JLall (Jl-^.j 
3j3*Jl ^y\ (_^3 Ig-Lalj <■ ju£3 tAjc.1^^Ic. ^lAill 4_lL £cj3j Lg_j| V] t ; -»gILacI 
A-llc. Ij31jc.| La (jLujiJ (j^jxjJalLjjJ V ^3 t^A^al ya (_}J-i]| £3 jj ^(JJjl_j^lj 

Ajj^)*J| jalijVI *Ll]j (jjSjjj A_uiii dl3j]| ^^3 j»Aj tAojLajj jaliji jpi Vljla lLj^)3 

|3jjj I3jjj alili.3 tlA3 jyj duli 4 |3A ^c.y 1 dil3j S3 j 3^II j»l3jj?l (j^J .AJaJajull 

(J» >M~I (3lulS y\) AiljUl AjjLaj^ll ^lijVl (J^-a jL^jIIj (jjila_J^I 

jalSjVI (jl (jjj3 o3c. |3A (j£ j»c .y ya^\ ^lo^.lj dllvL^i 


A*-^.j yc. Jj Aju^j-a AajLaj^)]| 
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CjLl*£ll J»Luj (_£ill (■'~'ljj.>ilj^)ll ^J^>3 A^.1 ^>1^11 A*J 
JJ^.J .il.ic.1j (JljJ ;<vL}jii Aj^Li JJjJj ^>1^11 (jl (_JiLa Aalii-a jjjLLL C_ 1 ^*J| 42 JC. 
^j-13 i (_j-a jjl _$^ll .i*Jj . j>jla-aJl (j-a (Jjg -\a\\ lg-j y-^aJLuij AcLik^a Aj| jl 

AljlLt-all ^3j]a (jx A-l^i£ Jij ; ^Ji^llj ( _ s -iC. "ALlLallj ^>±^11 !■_ lLa*s " AjIj£ 
dll_Ui£ll t ° W ’ A^jljll dlLlA^ll l-juil ;ALlIalb jc. j .dlljLuiVI elc.|^a ^a ^)i.VI 

.ALLt-all (^9^Ja (jx 4-1 jl kj.n.all 

L_m£ll " (jl^j*-J LLiS l—ill (_£ill (jilj^ll ^isll (jj (jliui jA ^Jl^lL IjlaC. (jjill jpsj 

JLa . L_lx£ll t JLall i jA^JI . .li*Jl ;AjjVI (.“t\*vln*»<all 4-i3 <vL^. "4 uA Hall -il.ic.Vlj jLallj 
IC-uijjll (_ s -lc. C**A —>.1 x.^-»<a\l oiA (jj£i aJL^JI j_^ajll Ailjj >. W^ll (JLa i jliall i JLall 


0 r 2 3 4 5 6 

X -1, X, X ,X ,X , X , X 


jl jA^ll (J^j (j-a ((_>“) JLa AjaJaLj^ll dlLba^ll (jc. jjjxjII jj^jll l"'.a,'I Vital bjj 
JLa Ja.1 (jx ^ ^ J (<_l*£ll) < - 1» < S ^ 1 I (Ja.1 (j-a (til) j JLall JaJ (j-a j J jg -> .a l l 
dl3j (_^3j .AiLLJI J_j-«^>ll (j<a C~*A,JJ a-lVitajI aa3 £ (jta ^)J^I (_£jall (J^-l (j-aj 1 JLall 
(JjL^akll (^Jc. ^jLLaS i dlV^Lt-all (jc. jjjjljII ^ jjxjll a Lb ^al,'I-Vital Jjj ^>V.LLa 

;^| (ja diVL-s-a Jjji l-jLm^. 11 jxlc. (jc. l_iI->^.1I l ij.y AjLSS ^(1 £ AY —1 £ I Y) 


f 

r© j r o 

5x“ +3x = 35 


aJL^JI J_j^^> 1I Ailj (_ s -i*j 


;(jjjlill Lg-la <iLaj-all j|^C.VI A^oasJ li^Ja ^k^)^ll >»j ^3j 
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i‘*ifli 4 t**C> .Jj).^9 c (JUlqV! L_jLat^J S^C-ts £jJaJ l-a£ 

A,.rvj^n ^Jlc- Ij^i.Vi^ (jlA^ll ^^Tkjxxill chilli (Jj3 c J§ <jl£j # L_flj^x-<Jl JI£jujU 

(a + /?)’ = a 3 + 3ab(a +b) + b 3 

(_Ja.l j<a ^-jljj j j >ui.a ^Jl jj-ill j ^Ij-yll j^c (Jj-ajj aJlXJ jaj 

. £ = 2,3,...,n 

^jj 4_njji£j]|j 4_a_}jjj]| L_*aj ■ j 4 oVi'N. * t"'l ■>. j •< j* dlV^ta-all 4 _^JIjia Ljajl did 

La^ (jjiui La£ ) ° J )4C'j ^^-a jjljdll (Jl3 j-a 1 g 1->1 4ql’iA.a jjla £jJaj 


4_pj3j 4 _i^. jj j|^c.l£ \.g*iV^J uAl £aj Jl.ic.VI j^alji. £a c_)j*Jl jjijJaljj]| (JaI*j 
4_Jl!La]| j|jc.VI i"'j-vl JSj ,c_ij£ljj]| (JjI^jj j|jc.Vl ^-uilj3 £aj 4_k^aisljj aJiljj 4_Jl!Laj 
-( jjjjj_jc.ljji]| L-a ji..- 1 -s j jjliUjJl (JLaC.V 4_*jllLa ^JLaC.1 ^3 LalA I jl^. 4-l\ ViaIIj 

•iljc. Vi a JA £A “1 A_^ £ « ) laj]| jll (JaIxj ;4 <41*1' itt J iAj)jit jt .SC'S?!® 

Itgjj ^ J 

1 JJ*JI (J!La 4i 4_ijLudA dlil£ tajl (."a a-n (jjll JJail jA JliLall JJ*il -I 
1 X JJjtil (J!La 4_ia ji£l dlil£ tajl j^.1 i"a a’n |jj (jjjl JJ*il _jA dl jit JJ*il -L_l 
A JJxll (J4A 4_La jij-al dlil£ tajl j^l daAa. (jj]| JJ*JI jA j^nalill JJail 

j^a|j£j dlljjiaj eJc. £daj (jjil ajii jjl dull jA j|^c.Vt (JaC. j-a JJ^tj 

.y^ jA jjj 
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© 


aIac-SM 


Ajjl Aaa _ (JLac-S l m*Vi > Lajja jjl£ ;L#^j3 4 j < <-1^3 @ 

(j£Jj \gjlc. UIajj ^Lic.ij n—3 (J^ l>° baa (_£Ai^.j^Al ^jJa^Al jjj a*L^. 

Laj^ AjjJa^S ^1VX*-1X1*^ (jjA]| (JLa£ ^llc Aj| (JAJJ 


AJaIjl/i]| jiaJ 4. 


AIac.1 Aj^.j ^»Ac. 


* +/ 


,c£15a (Allljj] (JjL^J jJ 4j£]j 


Uaj^ki (A £ A^ — 1 £ * AIiIajc. u l-i cj *^j a|ac>V)(3) 

;1 g La iLal£ l*J^a n (jj£j C 5 ^ 

00,1,4,5,6,9 ftijVl -^.L n -' 

(_£A^)3 f&j e^AulxAl 5JJ)1 a]| (j|i 1 ll ^gV'l Ia] -C_l 

X Bj^ulstJl ^jli O fl ^gVil Ia] -(All 

£ ji X ji 1 jl « ^Lll (j^ ^ cs-^ W ‘■*'<am3 Ia] -iJa 
. £ ji i ji . ^Ul jl£ A Jc tl ClAmfl Ia] 

V ji £ J ) jl « ^LJl <j^ ^ ^^Ac. fl ‘•"i<am3 Ijj 

;lfrla ' AAxll jjj£J Ac. I j 3 lacA La£ 

1 jl 1 jl « ^LJI jjl£ V ^jic /j Ckam3 I a] .i 

V jl o jl V jM jl « ^Lll 6 ^^Ac. n £±au& Ia] -c_j 

A ji 1 jl « ^bll ^ ^jic. f% Ciaxm3 Ia] -aa 

.cillA ^jAc. ojjj£ ^JiLal ts JaC.|j 
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liA j'qnu (ju dl jdil ^gd. pilJaVI (_g3 i mYlg ll ^3 C_lj*JI dl jdjl (j^adlli 
^3 adia. die. I ill ^jJl iiLdVb tlgjlc. dliiLujj dl-vjvt^'ij Igic. dl jdd jdi x_^ 
jlill ^Lldll JAC.J 11 (jll j-a (j£ di ^3 lilli ^gidi dj _4_LuiAiA £-ldl eic. 

^cJ^jdij " jj-ali*JI" (judlsl (■_ lldl ^aAjJC.j (jjAl jdl .\W.4 m jj (judtJlj ^g-ui^jJall 
iildaVll Id _ 4_sjjIslj]| jl jdljill jdaj ^3 du (j*a3 |jj ^jlaj£j 4dlji!i]| jdaj 
ijjlii .|_JiLa a-lidaj <LoIa did ^Jl (Jj-ajlillj add*. £-idl i_dd/i ^Jl 
4i.ic.lj3 (dil£ lil I g A J-^^J (JldulVI 4 - <1 d uiA C_lLal^.J idllo (_g\ If- 4djjC.da 

;iJ!LaVl i_y a*j ^gJj Lodj . i-ijj^ll ddl*]! ^3 dl jdjlj 
^gJae.lj dldoll <d.di<s 4_ ll j.a^.1 ( HerOIl ) jjjd jjils (^g-ijjjlll jaiddl -i 
(jjili (_gC.lij (j£d (jV jjidl Ids ixj Lad ^gdj^ll ^ac. ^ _ iJ Idia. Lil&ji 

;(J < S>all (_gJc. i^Luidl jjili 7^ i .^i ' a .iJoj^a 4. dai j) j CI,b,C,d Ac.ddl (JljJal 

A = yjp{p-aXp-b\p-c\p-d) 

jx jdl ^ddVl (jjldid I dlda]| <dLuix jl » » jj jjldll jjj -4_1 

dl a Id-all 4illi ^J.aa'l (Jjd. dj _ JaJ^dl jiil iJ jdLdl (jjldLa 4." lid (jl <ddus 

. jU jJl (_gi (J3=>.' 

(Jil urn id di j j diiigJl ^3 Lid (1 * Y * _ ^ £ O j (_gjaadl ,~lj» j.a jll 4 all _d 


jpi i JajJaaJl jl 4~‘n-s. y (dULall (Jdli ijasi i^jl ilici ij^Lij Lida 4dllaC.| lij |(JiLa 
.ij!dl ilie-Vl 4. Ual'Ti lg1l->l uia C idd iiilii ^gJl diii 4 dlSJI 4_>“JJJ (jlj jJaliJI 

. jdja]|j ajJamdl JaC. ^3 L-lld" jljiitj Lid ^d.jjj]! alij^l jil 4_ail -d 
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ClillliLallj Axxi.Vig.'l 


Jxxi.Vlg 11 Clll^LuljVI (JjLulG Ajjl jll l*‘ n\Tl 4_lLoLG ^Jl 4_i3 (Lj j£1! j 

^l^'\ (JiJj ji (_g)-i» .a £J^a (_J».lj ^^LjaVl (_£jLuiLa LilLa tbLLa > f^O ^ 

^15 C** (j£Li IgJ Luj£]|) (_g Ax .a ^JaoLa (ju-a-wi Lt-J^J^i ^*^*»J I i- 4 ^ 4 LS A 

_(4jjl^]| 

Ja jJaiJl (Jaj ^a e^^ll i A qjl-L ^laj i C-l^xJl (JjL^. 

JalLkjjVI (»-ujL jajJl Ak^yu La li&j i L t Imi-Lall (_g j’ua.all ^Jj t _ s -lc. <La^au^a]| 

Lai (_^jIluia]| 4.3^1^ (_^pi ^Lij (_£i]| ji) 

j^jUajVI (Li 4iaj (.. ij-vil £j\j l ^lc. (Jj-aVi ^ Aaa 4_iJjaJl iLAjl!La]| ^Ic. 

l a» i.>» jfij l Ltoj 4_j| (_ s -lc. l_ii^JI qa Ijijc. ja (jl£j . AjSj 

l“n*vj U>ii a jg qa ^L^j^jj]! la j\\ _jji jjla ,i3j _ ajjl.}3l <■ L^aj ( _ s -lc. LaJ>a'q.a 
(J*a La£ ^ l au> 3 ^ <Lajl!3l <ljjl^]| ~; ■ ^a*i (j^ai 1 o^)ji^]i ^}Jaa <■ 


jjjlS (_gjjjjj]| (Jj-a JJ iilic.j . sin 90° = 1 ^*-a' <-> 




; jAj Lli]!La]| c_j jjiaJl 


sin A sin B sin C 


l^jjlajl (jjjlill (^Jj 1 * * * ^IxJi (jj| (Jj-ajJ La£ 

2 cos A sin B = cos (A + B)+ cos (AS) 

^ OH < -i .OP Co°J sin 2 9 + COS 2 6 — 1 cr^! J^-ajii La£ 

_^Laj]| L_U^.J -LaSlI (_Jia (jjj lillLSj !■_ J 

fk. Jjjaj] jl£ J lillall ^Ixj L_l^)aJl Ajc. i ^ 4 djUliLall (■_ lUa-s -iafiji ^ 

1) killj ^Ic. JjiaJ ^ Ijiii CLLUlall 
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ciliaji 4ij*-<ij a1as\\ ol^ll A-j.Wil ^lill 4-sl-kj SAjxj (jJalLal ^iLuiVI jUllil jjj ( _ s Jc. 

■' A3j ^llal j-all oAA dLajin .all j ' ■ ^ jjc. d-s. ill 4 ■>.' dl d^Ji 'A v i , ^->11 

dl£j^.j illlall ^3 (JLaC.VI 4-a^jJ ( _ s Jc. tj jj^o-uJI jiaca. jj| ^laj celaliJl 

dui ^a t<vLal*Jl Ac>uj » (_gdaA ^_3 jjjjjoila (JJii ^Ic. Idaj-a jj^aLa]| AiSj ill 

t (J ‘sl‘lll 4x.|^a]| Aj^a^a <^3 ^gjoi(jjA]| jj>^i'i <_J^iC.j illlall ^3 dl^all 4 ^*a£aJI 

C_1^)*J| t jjji.>»lj^)]| dll jld] j^)jl (jaj . lia^JAjji Aj-a^a u Ill’s!! ^j-bj ta-di* all (_pi j ^3 

l* t>= J*- 5 yr® 

L_lSIJ^]| £dal^ 43^)*_a] Ajj^a (JjIa^. ^^3 4_i£ls]| ^LljVI C-l^aJl eLal*Jl ^laj -I 
.*1 Uall 01 j I ^LljVI aAA (ja , 4ql’IA.all ^Jjlii]| ^ ^LlVlj jjg till 4j^)jia]j l^£ilil ^ 
_^J| ", ^ui jUl (jjA]| ^udll ^Jfcl j!l 0 ljj ^Idll (_gjU-a]l 0 _)llj (_ 5 -«jjl 

£jdjj 4_i3 aAjI j\\ jl£aVI j (jji jajl3-ij (JLaC.1 4 _uiIjAj ^jUJI ^»la -L_l 

_4Ja]| jja 4_Jlc. <djA 4 I’sla JjIa^. 

<d jA (jc. Aj jj V ' Id < 4Aia]| aldil ^ I V A » _ ^ T Y * ^ ^lil dll (jjJl ^A^. -dl 


(Jj-g $.Lalx]| ^jJa ju (_Jj3 ^g CjIiVUI aIc- ^aLuj -dl 

0^)jA ^aLoj ^)-gVI ^ djUllall ^Ic. h ^9 ^joj^iall ^U^Vlj 

^j! .^jAaII Ja AA^jj y\\ j A j \\ ^ a\ 

^AoiaII ^ -^-AojI 4_i1aC- 

^lalij! (JiLa diULoi^ ^ Ldajj udViV^ll ^ Ac. ^Ia^iLojI 

^Lldl! Ajjauijaill <jjaJl J^Jaj ^L-JV^)Jaj^aV1 AjIj£ 
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S-IjJjjjV! j! ^_Pjoia1 I Ajjl^l! ^jjLiSj 

.(jjUJI) 



£ ^^Ic. £ulill ^a-uiS ^aJ 1 £uUll LS ^C. Jjjj .lixll j*Ja j £ £ulill J) L \)^\ j 4_u^j ^ He. C_J^xia (I) 

?Ai*.II jA Laa # £ A ^i^-V 1 ^uUll (J^ 3 ^ c_J J-^aj 

;A_ill2aJl jj^^lL cl_j^)*JI l^.^.W'uJ c4_jjV 1 AJuu-all U^j L ifs @ 


LH ? 

Y Y r J 0 


^j-a o^IVu^VIj Aa^.Lui-0 l. Ua*0 A t £ i £ c V <C.^LJal (Jl^Ialj 4-ajla oLIj^ L^*^] LlS-^ ^) 

^a-LaxJ ^I.IVujAj j! Qj^jjA a^c-la 

^ ULlalj ^alLall c ^llLa t ^»la ^aa .AiLalall ^)ja.u^11j La ^^J^x-all 

VjQ _ 5y[5+2j6+6^ + 20y[2 

fs+Js+S 13 

till j ^j-a (jqVi 


f.Llill (jJ^ 1 $LIa^)J ^ ) ^i^Ltll 4 \x/i ^^Ac. ^jA^ @ 

7 3 + 2^ + 3 3 + 4 3 +...+ n 3 = — n 2 (n + if 

4 v y 

\(j222i\ (jiSLUalalt 4 Vx^-» L5 io (jA^)Jj CljUlllLallj ^glalxll ^jjpll ® 

1) 2 + 4 + 6 + 8 + ...+ 2n = n(n + 1) 

2) l + 3 + 5 + ...+ 2n-l = n 2 

l^jjjLlkLall (jjjiA A_^-a L5 \c. (jA^U (, 

L>/' ^5^ ^jA jj ® 

2 cos A sin B = cos (A + B)+cos (A — B ) 

. g- JJ 0.4567, 0.5678 uP^' ^ lUj^ ^ 

^l.n?!k.L tillj JaLu^jl jA Laj u'LjjIIj ^gjLxill A-alaii A^Lall ^^ALaj (Z) 

?^jjx-a ^aUail (jLuiiVl 

^_^ixll cJ_^3 aJL^. 4_i-avLujVl daL^jIii]! ^xj l^Jt-a (_J-alxIill j o^)jl'N. < aII ^_^Ltl] l_j^)x]| cJ_^ (j^ (§) 

,Jxj Laua AajLaj^ll e^jJaXu^l ^«aj Clil^jlia ^xj 

^a L_J^)xll L q'yj L_fllajj dlLiJalj^)!] A^uiillj ^)-a ^al -Ll^. L> ui ^ L) -0 

? ^ VVY ^alc. ^ (A-tiil Jj ) 
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XIII 


- ♦. 44 44 

± (T\ \J I . I B 

L4BMHI ■■■! 

^ 


o 


1 



(JjjIa (jl it-Jj l—jjVlj j>I j£^aj 4ail^l] 4 * i s ->\»*s jl^ij i ii.U J- 0 

c^jall jj^aLoll a^ju ela. > dililj^illj c_u£]| jj-a ojajS A /i‘s.a 

4 * ■ ^ aIa. ]1 ^a ^j^-aLall 4Allkll ia ^ la ■ ^ji 4_l^l^lLa]| (Jj^laVl 3 -0 • ^ AW — A 1 Y - 

(jj^Lall (_}juaj .iaa (Jj£]| IjlA 4*St«-» jjc. ^)iaj]| ^j>i j J _ (jj-a^aVI j»jlc. ( _ s -lc. -lali^JU 

al^jVI ^J-a> (jx t jjji.>»lj^)]| Igj] 3lJj 4_lui Y « « dLalj t4 (Jluj IaLujiI t4_uijjLa 

fkU ^aC.^11 (jlS ^3j .cllLajLt-all (J!i] (JaxJIj <La^.jj]|j ^Wlll (cj^J^J 

jlAJiJjVI J^aC jA £-kjjlj]| (jjall (jl£ l“n*s > 4_lj.i]|j (jj.i]| (Jj3 t> J&4 

(jl£ Jjjj . 03 a ^jI C ijl*j ^Idll 4.L^aj t(JjVI 4 q>.Vi ^a . iliLalLa 


Igjlc. (_3j\»'iU !^k (3UjjIj 4_nji Oja (jj| jjji 4 _Aj£ ^ (jjjJolaj 4_nji ^5-ajjl 


■*ig»cJj-aj (_£^ 3 't~ " J4j£ jjjJalj 4 vi-sll oiA ^^a ^la .aaa 

C 5 ^ ‘"'' (JiLi. 3^1 4_jA^.j SJj^. dilaLJaU I_^sla ^aj .^UjJI 

oiA 3 >»»j dilaijl ^aj .31^1 jilaal c"n;Tl 4 >.^->\ A is.li.la. 4 iL-ajj 

(JLaC.VI elA 3>i» J (j^J (jc. 4 t.al (Jji (jJJJjjjVI dllac.la Ijjjjl (JLaC.VI 

^AJl^LaJ jl^aVI o 4 A 3C. >.1 La^i a^_L^aj 
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& f ^ao._va. 

• I V ' / ^ 

—JIjjVI J ^-J JLui <j-a ^jjIjiJI 

dxu (_j-a (Jjl (jl£j - Lual Jajjj 

AuiIjAj ^^jjl _jiJl jxiAl .Aa£^Jl 

(ji V] cdlallj 4_jal^)» >llj djL}jJalj^)]l 
qa (Jjl 4_il Jj JAjjjaaJl 4Ji^_li 
^jlaJl AaJlLa ^ ^1& J^Ll 

A .llLlLa Cjjjfi 4-J^L (Jl^la 4 j, >1 J^]l 

4_a]£]|j ^ajjl_$^ll Jal " <■. ll~i^ _jA (Jl^-all IjlA ^ Igall ^^lll L_u£]| ^)£_lul (j-a 

11a (_j-q ^Li ( ^Ai^JI ^UailL CjULulII dul£ Algorithm) 

jfc liA (j-aj ."^ljlLallj _^f=Jl 4_lLi£ " 4_lLi£ jA L>ijl OJJg tall 4 jjS (j^J • L^ 

-( j^ud]|j C_l^)ill <^3 LJU. 4-a.lilLjiA]|j Aij^)a-a]l (Algcbfil) __>4^1l 4 _iajjiJ 

ja^JJjl j^s Jj-laj (_}J-i]| A -nI~Aj La ( _ s -lc. (_£jii-l 4 As\) 4 4ijlLa]|j ^laJl L_lU£ 

^!ill ClALalx^i]l (_j-o lillj JJC.J ^-al^^-lj A^AuiUba 4j»AljL-ajj 

£zjaa (JLaC.1 C' )v n La£ t^Aljall 4il^)j-aj 4<vl^ud]lj £Jl]l£ (jAill jjJJ 

4^i ..H 4 aI* a.a (Jjljjj 4_i£LnlaJ JLaC-lj 4^jjljall (JjjxjS Ja^jVI 

Jl AjJJ j )Ai]| A Until 4 <u3 (illil (jjC. 33 j 4’i^)j|a]| ^3 dllc.Lia3 4 -J ,,'^j 46^1^11 4-^1 ,,'^j 
4^1 j.M->Vl J ^>1 -y^J (.. 'Lay Ljajl (Jj-ajjj 4 X Y/V jl V 1/V (.TiI5>3 

Jajji^llj ^bjll ^j^lj 
!cs^ La jiJI (Jill j»aI qa 
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i^\ i^ n^j jl ^UalLoal j * ^^ Jlij ^*1 hill - ) 

.(% J ' jj^jll ii.1 ) j»liaj]l l^-J j»3j 
_ Jc. VI L_l^kia] <Laj^)ia 3^. j - Y 
33 j (LLlV3ljL<a]| (j^^jUl 4-jjlLa L-a j i/t*i^ ^)±^Jl <_5^ ^JJ^Vl 4 ■QTil (jl£-V 
3l3tVl £-a (J^alxjj J& 4-jV) 4ajlj]| 3_^j3ll ^ya ^LbU-al] 4 ■ ■>■ dlVL^ i"' “' ^Jlc, 

^Jaa3 4j^. ^a]| 

^ iK,'■>.U pi ■ Ja^j pi Jauxal iLlli (JilA. jj-aj t(J ^laj] l j-au3iA '» ^ Lit-, I _ £ 

A t~.Y A , >» 1 Jl^lal l “ >a jn /\ 4 al uia L ' ^ ■ ‘ ,JV l dj^j^c-ljjS ~ ' ■v ~> 1 _0 

dll^y^all (JiLa 4-LajJl ^g.llj^t ^^3 ^jj-aLa-all dlg^Jj 4-lLaC. (JjLuia] V ^ lnC.1 -1 

SjUUIj 

(ja ^l]jj _ ^^j^aLall l. llj-a ^Ic. eljj ^ LlSJjslj LulV 4l_JJ3-a 4JoJ^i. (Jjl 3^.j -V 

333^ A-iSl^i^Jl ^3 ^j.ajU -11 (JLaC.1 ys^" 4j^L4*j (JilA. (jxj 4j-aLiJl 4jlaj| (JilA. 
L>° (j_JJ^LJI jliLuil 33 j Aiaj^iJl o3A jl^-jV lj3l^)i-^ V • JaC. ^£^2. t—i^Ll 

,4jiiDUI J) lgl/i-s jj 3*J IjjjS cliL^jVl o3A 


< •*«.,. 
,i «m ; «j 


> e 

Aij^ia (JiLa IglaJ IS^jla ^ 1-iC.lj 4j3-i4ll JJC.J AjJaiJI dlV3l*-a]| £-a ^^-ajjljaJl (J-aLiJ 
o3A 4^JLi-a ^^3 a3jjj 4 Iml La C ll -\UaJLaJC.1 La£ _ (jljj^ll 43J^)Ia jl (jjllaaJI 

|(J!La dlV^l-*-a]l 

x 6 ;l_j«£ 1I JLa ix 5 :^^ tx 4 :J^'JLa ijc 3 ;^!, X 2 ;JUI a:j^ 

l^lall (Jj3^JI l g ->!.>»J;d j_J-a^)ll 0 -iA ^I'l-’t.'ij.al Lai 
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i A_i_S 



i_ax£]| (j-o (JLallj jA^JI jAa£ JLoJl jpa jA^Jlj AA*JI jA3 (jl" ;Aj]Ij]| ejLaJI Ajj LaAic.j 

;A_iiVl AsilaJl 4 f^y\ oAA jjxjj ( lAg3 " 

x + x 2 1 + X 


Ig-aAi £-\ jj| A >a.a-s Jj ig gjuAl (j-« 4,jatj l^jUli AaV^-*-^! (_j-ajjl_jaJI (JxIju La£ 

; ((^-ajjijiJl (Jj 3 Aai Ajl/s (JaIsljj (_£A1I) cr^l 

ax 2 +bx = c 

sa^J J j^'^j .i-^l^ ^ a-^js Aiij (ji cl <-'‘'.'l : lll 1 a_±^.^ ^Iac.! a,b,c L " 

^_yi jjjlijjA (Jj-ajJJ ^ JaS3 A_i^.__ ja!I Aj yz3^V} Aiij (jl£ l g 1^ Aic. Aj^lj (jjjA^. 3 JaI*_<i]| 
(ji (j^-aJ Aji Ldi-^. 4—Sjai (jaj ) lg l-> (Jj^.'ij.uj (JjLuia cdlj& (ji (jAJ A3j .^A^.lj (J^J (_£ 
.aIaI*-^! IjA^. Ig-i3 (_5 jLoUJ A3 (_^i A-ll^Jl (jc. (."'.Wi La£ _ (AjASC. jjA^. aJaUlaI] (jj£L 

; aJaI*_<i]| £/s jjl^iJl (JxlatJ A33 Aj-aLi. AlL^£j 

x 2 +10x = 39 

oA^ljj (jlliujAiA lg-la jllul Ig 1->1 (j^)la Ca^/Ij ^3-iC.ij 4 AjjAaII A^ALt-alL ^^aII 

(_jAa^)»J (ji (j’s.ajA AaxmA lg.il ASjjUI Lai .A-IaI*^]! jjA/s ^1,'l-v'uui ASJ^jIa] A^ji-uia Aj^>j^ 
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XIII_ 

3j.XaJ x XxAjJa (Jjla (_£A]| ABCD eLijL i-iftj dll j)ts 

Ijj! la^Xi3 oljJli i jalaa a]' ^_1c. La£ t Xc-LLia! 

T S D A 


Sx 


_ ABCD — x 2 

x 2 ‘ 

X 



B 

c 

25 


5 jc 

nr. r Lw — \IV/2)x 

5 

CFGH =25 



oc - o AEGI =x 2 +10x + 25 


Ijjj^jS 4_ll&i]| <Ujslx_a]l ^ (_)Ja jju 

X- + 7tfx + 25 = 39 + 25 = 54 , AEGI=64 = 8-8, AD = x = 3 

La£ — —IS jyj Ja^iU jjl ^ki j 

.(jjjljUjJl 


a 


(,no 


An i a 


\ ^ ^_<i .♦*_*■ 
/ ^ ♦ 




ftj3 (jji Culii 


c_i_jja. _ ^ ajp jjj clulj ^]j 

a^)3 q J dulj ; jA X-ojjIj - L£jj 


bh? _>?! LW U? j'j>" LW 

(j^a^Luj ^ (_}jjljJjLa LW 4b>^ j 


jjl£j jjjjiftJl Jjl Xiu£j 
Xc- jaaxJ ^ a»*ij La ^3 1 ^ ■ ■^' r 

diSjc. ^1 ( JXall jjjjjjc.Lm]! 

4iLijSI 3 *.j _ (k \\\, ^-.11 _,j) jjLuj^alL 
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ijfi (jjl ljjU 


0 


t jj AV • ^Ic. 4 aIaAj (jll Ajjc.A dioj A cluj f\ i>»<-,! AaJ (Jj 3 (jo 
.‘ i\^r_ ^ail A-uj^jAaI] A 31 duj 4 duj ^9 1 J L ,J|r 

qjjII^jjA JLaC.1 Ion I ^ ^uA.joAjl j ^jAalal (JLoC.1 A o~N jj ^_lc. 

jjo Aaa] aAg>j ej3 Vjla (jjill <—i^>*A3 Anaillj a! jg -so duaj 

(jjoJaVI (JLaC.ij (JjjcVI 

dlLalgjI Ag-^JJ-a (jJ] Aj]1£jA|^)]| j AjiuJill ajljl Ajjli Allaj oji Ale. LoAjc. 

<^3 Aj^)]l ^1 A^. jj (■" n^k 4(jl^a. ajJlli-a] ^luJai Aa^iL<i3l (jo (j.olA'illj _ ajj)-4 A AaisA 
jLluj aAjo^lj (joj 4 a. ula]' j ^Hq\ 1 .. 1 j\r, Ajo^jAo I_£j9 LojIj ^ AA£ ^Ic. 

Ajj^jjJI ajjJ^aJl AaJalo (jo ^Ajjc.j ^joll j)J t_ljj|j AlAl jjjlj 

_c£jlj& j£jo]l ^ (Joanl AjA^. (j<a -^-^4 J) (Jiijl lilli Axjj 

£jj lo£ 4L_lla]| Aaa SUjo-n lgj9 £jj A9j 4j» jinJI jjo jjj£ A Ac. jyj ^ q-sj dulj jl£ 

ajl^o {^2 \g La (Jajj cs-^ aljlilll (jo lAAc. (jiilj ^ jjjijj ‘aliLuAalj^)3l ^ 

a!. u]l j A om'io AjLo^jj dlal^. A9j iAoj^)jtJI Axlll (jo Aj^oJj AjIajI ^ V. aj^lc. 4 jIAliaI j 


C il u>»Ij^)]I ^Ic. ^3 A^. jJ2j AjoIxJI ajlji dlAlol A3j .aJoJjjoj AjjAuj AjIjUc. j 4^ jjJa jllj 
"uA^jaJl ^aJs)" 4_jal AjIc. ^ 13^1 (jl i aS aJUII jj^*\) 


& 


~L 


UojjUVIj Ai» ■^q.ryll j ^ J L . ^ 

;tg_la 1 Laja 4 Cll! jLaJl ^iLjaVLj 4 CjUUa]! j 
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XIII 




lij S^c.la]l "4 jL^1a]I Jj-laj " <Aj£ ;Aj 1 vlalt Jl.iC’Vt ® 

;dila^laJlj a\3-i».a p,q,v Jl4c.Vl dul£ 

p = 3-2 n -1, q = 3-2 n ~ 1 -l, r = 9- 2 2n ~ 1 -1 

(jj^i AjliVI Sj&lill jjlj 4 fi > 1 l. '•> (_J£ (J^.1 (_j-a 

pii\ ->'i<a 2 n pq , 2 n r (jl£ 4 4-Jjl p,q,r alulS IjJ ;aJd2 

Je. (Jj-aaj j»J (j-aj Cj = 5 J J) = 11 (jjfLd 12 = 2 £a4»j aJlclill aJl^J A >X -s <Ul^£ 

<ULaJl gJSsj 220 , 284 c jjj laJLa] | jjjAi*]! 


l_ya <dla pit. (JA.I ^ 1 LW^ aLulj aJicls dljlS IjJ pit- ^ja 

(JiLa o^c.ll]l aJlg-1 V 3-jL^JLs |j|.lc.| cilljA (jl p-a (j£]j 4-jla^Lall 

Paganini - ^ 'j'' f~-'; 4 Laic. 11 bj^cj 4 Sja JjV *Ll]i u^) ^ I ^ * 4 l l A £ ^ jjll 

.(l All f lc 


Jia 1 silL *a a-Lo^iL Ia j).a i.i.)j Lj jv.. 11 diljLj^a]L 4 _i^xJI ^iA 1 • Aj^^udJj LjIxj^aI) (^) 

"(jl jini Llj£ a.ilj (jjUaJ 4_all ^3j ."jJjjSHIIj i—ij^aall ^alc." jl "(jjajll jljcJ ^alc." 

Ljajl ^aJAl J3 j 4-P '' 1 all dlLtJ j yi]| p yS^x ^a 4_i3 gllc "ajLjjaJI p' aJllx-uIl pllLa 

La£ i£P^ 1 all ^-J^all g.1 L'lV 4Ai^ja pjhj i ‘ j■ .11 i" \\* j j ^11 j S^j3 (jj| cLulj 

4,->.J-».j.^»ll jljlcVI L jaC. 12 J 12 (j-a jj£La (_£^)^_ui pj^a ^IajLV • 

. n 2 J! ^ 4> 

Q pbi jl 4. Ijl Jl^aC ^5 jalijVI p J^>^a (jl • 

12 C12 'U-olSj (_g^)~4>all ^2 ^alajVI p jj^~s^ * 
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Ojfi 


© 


jiJiaAj • 


1 + 2 + 3 +... + n 2 = ~n 2 {l + rc 2 ) 

Ijjli l,2,..,n 2 4l4&Sn (_jA SjjaII jl.ic.Vl (jl Iaj 


c = 



+ n~ ) 


6 

7 

2 

1 

5 

9 

8 

3 

4 


j|jc.VI £JjjJ tjJjai • 
jA^-a jjjfL a" u-nj £Jja]| 

^jLajJ ^)JnS J y&£* L JLua 

jl n = 3 cJ^-t L> C 

£0^' lA tj~£ 1,2,...,9 Jl^c-Vl 

_ jjLa_a]| 


JJC. CjIjIja alljjE-ljja 3j^>laj (JJJjlj ^aC. j£] ;*LcudIgJl a@ 

J) clljjc.ljja 4-l^laj ajfi jjji alulii a-aC iil]j£j _ J^LiaII Jxj jjjiaLiJl (jj^l ^ ‘Lajlij 



- 2 - 2 

AB + AC 


La£ ( ^ajli J1C. ji ^jla t (JllliLa 

JjjlLIS ULijl lit ABC 2\T\aW ^ 
A u»\J\ t> AB',AC' 
A = B' = C' jjjSj i" nv i ^AjlLall 

: jli (XAjLiJl) 

5<^(£Z?' + CC') 
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4^ajls B' , C' U^ kJ-3 dll!La]| jjl£ I jj 4_j| J-fS^La]! 

;43j^)j«_a]| dlj_jC.ljj3 4_l^lij ^J) 43 jLuJI 4 i n Al 

- 2 - 2 - 2 

AS +AC —BC 

^l£Al ^Jasll O' 0 ^uia^all ^•N-> 3kjj 0J)3 ^LialA 4,m.1lg ll ^3j L>iji 

(Jj " 4_jc. Jis A] /ojjj£ 4_Lui3j& dll jkjj J] 4jLdVlj I3A ojj^-a (J j^. 

. jula^ll 4 i31 ^Lalc- jJaC-i 4_il )a^l ■ 11 4 .4_c.^-a C_k]jjx 11 dulj^j3 



jjc. jSl JJJ V ,(3l3ij jdz (JA CS^! ^ >»1) 3«a*y«a j£Ll jj! _jA 

dlL}jJalj^)]| e-Loic. j_j^i Ju 4_il V) 3^Jj^s jiP' dike LS~^J t4_i3lS dLa_jka 


^ L-ajk/vNj k.~~'Ijj.>»Ij^)]| ^Ic. ^^3 jjI xl (j^j i^jjAuiAl 


4_i33*JI 


jLmal3 1 >3vy I ^3 (JA£ jjIj ^^-ajjljk]| (JLacJ ^^.^£11 £jlj @ 

(J-aljLj]| ^Uaikjjl 33 j .^JlxAl (Jik. (ja 3 j3^J ^ dvij " 4jli]jj^i 3^i 

dlljjjS Ls lc. £jjVl <•" iLLa* 11 4-iilka) djg_li (."ny.; X, X~,..., x” o J^ll jJ3lLa X-° 
Vjk tika i ^^JaE.1 333 dlyj3 ldV3l*-a]| 4 _uiIj3 ^3 A1.3 a-laJLuilj # 3j3^JI 

4j3lxA] 4 j33c 


2n , 1 n 

ax +bx =c 

.4.1^.(J 3 k 11 jj c. f'-s. 41 y iu£l 4_kjj 

^g-ijjkl ( -.g Aj ( _ s -lc.j (_k^Lud]|j dlLJljlLallj 1 jj4jJalj j )]| ^»jA| (jl (5) 

;<LmluJl 1 g La 4 ql’i-y.a (_k^-k4 £-“1 cJ-°kj 33j _ 
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j£j Jji 


© 


1 + 2 2 + 3 2 + ... + n 2 = — n{n + l)(2n +l) 

6 

(jjd \ gjlc. (jl jA Ig-d ,11.1a. jA Lsj .(jAuljjJlj (jJablJI (Jj 3 4ij^)»-a]| 

;2ifflUl 4^ CjLj] J!5li. 

1 + 2 2 + 3 2 +... + n 2 1 / \ 

- = — \2n + 1) . 

1 + 2 + 3 + .. . + n 3 

;SIjLuia]| 4 ( _ s Jc. (jA ^}J 4a I jjL<s (jaaj 


7 5 +2 5 +3 3 +4 3 +... + n 3 = 


{n + l) 
2 


-12 


; (jjjlall t _ s -lc. llLaJC.1 lillij ^ >>^ 1 ^ 1 ]I (_Jj3 qa 4ij^j*_a]l) 

l 3 +2 3 +... + 10 3 =(l + 2 + ... + 10) 2 

•(ji a ^ 

(1 + 2 + ... +10) 2 = (1 + 2 +... + 9) 2 +10 3 

= (l + 2 +... + 8) 2 + 9 3 +10 3 

UJL^a L_J1.A& # Aj^Ua-^]l S^C-Lail ^_lc. J L_J^1 ujV1 L "' ?' s - 

. n js j^i 


1 

1 1 

1 2 1 

13 3 1 

1 4 6 4 1 


jl£ : £yju l> ® 

JaUftl jlSut Ujb jSII 

AiiliLa . SliLa t 1S3 

1 _S^)*J >u.all 

(Jl^jjla i*'!**' 
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?an 




^Uj j 'ia {JHqI jL^jI ^ jjJHaII 11a j 

(a + bf = £(z)a n - k b k . 


k=0 


.(jjjjj i jjJu ‘ (_S_>*d 4j£lj J) ‘ ^Juaa. i aj*j jjJjjuJI li& 


(f 1 -Hid ) j£ 



j4^' o*' 


jj^s ^ji.s-1/i ^ 11 (_plc. 

" CiLjj--^;'l ,'' r - ” oj.ig >ull 

4jjILh]I ^gjc. l_Aj£]l li&j 

^3j c. ^gk IgjlajfLUjj 

Lfk L>° 4 4 e ' t — 

4_jIj£ ^_yct ^JjIuC. ClJlilll 


4_1_ 


(jAj Jjal jj]I -A^j) (j-o <vjjJall 2 JLolu (J^. ^^a ^^a lilla ac.La> C n^. if ^a 

^ ^ l ^**1 1 <-^1^1 l n\ a y \ j ! clLiLjujI^all 

3j _ A q A jtiiiVig 11 (jjAl^jilIj 

^ z djl ■. ' y ll ~lf“- -'''' ' ■ ■ ' ■ ■ ^ 

(Jjl Lijjlj jAj i !iLal£ jjjUtJl 

L_ljl^aJ ala (j>a 

(jjl CjLujJP 



145 


















Ojl 


© 


(Jj-aj djljjj-al]| ^Ic. jj) ;jLuj -lljjji (J!La) ^j_l^. j ^oJI I (Jla 

(Jj . 4_x_nja]| jjc. ^3 Ajc. Jgja ^llc. ( -»)->C.| jjl£ Jaa . ^~ng ll jjg Jaj ^jVI 

jjJJall dlljj^lll <vLalc. ^JaC. I jj-aj ^ ^11 ^3 4jijjja]l »l -ale- ^JaC.1 

jilc. JjIj 4_jlj 4Jiij-aj 4_uUaJ^j]| ajjlj jjl > (j^oj (J£ ^^3 >a.all 

;lg-la jSij 4 j > >«' j j ^uJal eJic. ^gk fit jl aij 31 . j_>u j^ulJaJ f*<l jj. ^j]| 

4_iujAi& g^laj ^gJ] (J jxxa j3l ^k CjIj]1a]| t jjjl j§ ; -. : ijg ll (jjl »4 , „ \*^ 1| (I) 

l^il La dlLuV ^»Laj3l L_1 JJ-^ bll<a 0-v~i..'l .333 'ij jjS 

p jLHailll j£j] 

AB ® 6^ ^jic Lw^'j E j 

. A/ j^' 6 A^.!j AiLuiA 

^Ac. lS^-g ^ ^jLiiiLj 

j ill (._kj-sai ^ <._k» -. >*\ Ij^Lola 

q\ l$\ . fi^)jl«^jl 

CD 2 + CE 2 = 2{CM 2 + DM 2 ) 

S^jl-lll ^gk ^Jaall j^ijJa Je. £ j D L)^ 3 ^ I&js Jjf^ajj ^^jII 4j-aLiJl <UL*Jl ^s 
Ajjl_)ll (ji (jlft 4-uiij dl3 j\\ ^gk Ja^.iljj t43j^>x-a3l ( LlljjC.Ijja 4j^)iaj ^-Ic- (Jt^vs I Lijli 

_4_ajla ^ ^>jaa]| (_5^l 4j3aj->.all 
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XIII 




<jl jUjJl ^ (j^lj 4 (_£^!j!i]| 4 _aLoia ^-Ic- j>A^)J iSj 

lil3 i^Ai-u l_jA1j ^aJ 4 jV ^1_^»a (^j^j .A-aIajiaII ^Ic. ^ ^ 1 "*** Lfj)"''"^ ♦ ^jJJ^I^^lLaJl Cj ^•s.U 
^jLujj lHJIlJI Uj^ ^ji <q > <q cjl ^al^j ^^l^lill a. a-L.ua ^jl (jlA^JI Iha ^jA 

# a_^.jh ) A * 

;AjjVI Aj^Iiill ^*'ljg11 <jjV H4lllc.Vl Aj^Iaj JL^ ^ • Jt^Sfl 4-J^laj (2) 
. p cP 2 - JAd 1 + (/? — /)/ ul^ LJj' p '\' ;^jjlaj 

l VV • ^»lc ^3 4 a i'a-\. \l o3A i_S^)C (j] (_Jj3j 4j^jialj i_Sjxj 4_l^lai]l ai& 

V o > J*J l VV \ 0j|^)E.V 3j*j 4'qj'q->ll a3gJ (jlA^jj <Jj^J . ' gj' r - ij&PH ^ 4j£]j 

-( ->’ng ll jjjl jja Laic. 


O 



j^)l_^raJl Aii^)laJ lua.ViA AjiS/l aLLlaII (.J^. (^ 

x 2 +4x = 21 



^lll (_JjLuoa]| (2) 

daLfJaljjllj Aujj*JI daLuialjjll Ail!/lc. ^-Ha jj 

I^Ha _ ((jj^)^ <_gJ) A-jjj^i^Jlj ‘^LLjI 

: aJL]| aS\^1\ 

) * (JjLuil! ^jaaLull ^jL^lali l" \\'\aW ^ 
^)laj|J £J^)a M ^) &*^L ) Y o^C-lallj aJ^jll 

^Lla (J^la Ai^)XA jA l_j jJLaII j (V * (_JSLl.ll 

.^j^aII Ila 


j)l Axjj . Sljll £ A C \T\a ll A^.L_ua j!J oJ^li A jA l" \\ : '\aW ^lij^)l (J^Ja (jl ^^a j^)l_^Jl 
djl^kU^A 4_lo l^.j^)ia-Q ^^11 lHl1ja.11 A-^.Luia jA f. (>>s aji]l (jl Jo^.V , V ( __ s -wjll M ^1^ 

_^A ^^g-iuaJ^ (Jjia (jl ^Jj , V(_ 5 -jaJl M ^a lHiIaIja]! a^A A_^.Luja AijlLaJj _ o^)jxx^all AjvIaII lHjIi111a.11 

_£J^)a]| ^Lja jA j ^ 4 

4 5 

(jl£ AJLaaII (J^. ^ jjlj^Jl L_jl^2k (jl (jA (jqVl 
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djVjjba1J 


o 


?clAaSiU3l AjLaj ^l^aduilj Sj3 ^jjl dullil djjjc-liua Ajjlaj ^iaxj 4,^.xy» L5 Ic. ^jA^j (3) 
>( jLA Vd ^ ^ Y ^ 1 j ^ A £ ^ * jjdlxll J 6^)3 Club a-lc-ls ^I.iVuxAj (4) 


l 3 + 2 3 + 3 3 + 4 3 +...+ n 3 = 


n—1 


<3vUi! 4-^-x-a Jc. ® 

pi(n + y) n ^ 


Z r J = Z r 

r=l \r=l J 


' n ^ 

z 

^ n—1 

\ 

Z r 


z 

r 

> 

ll 

k 


\r=l 

y 


(jjjiai ^buc.i 

*^jl A.J^^^Lq (Jvld (j-o Aall 
+ n 3 

.a vie. I Q^jlallj AJSvlxJl ^^ic. 


(j-C. (jj^>^A ^)UC. dvj-s Ja-fl3 jLdlb Qj^uA l_jI j_^. <j_C. (2) AiL-uwxll ^-3 (^) 

4 JLioll IdA o 4 ^JalLxd L Lu£ _ j 1 1 1 ad^.lj]| A_Lx-ujI_^j L-jj..Ua^li ^Lda (Jj_Ia 

2 5 10 

t djbjJab^)ll ^3 (Jj-al j!j]| AjjJa^)3 *Wxv» aJsl^.vLq 
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XIV 



(jlS L_j| Jj (jl AxJ ^l^3U ^9 ^jjjlc- # (Jg. jpajuJl ^J^)Xa]| C5^ ^ 

;AjI jLaJ) ^j-a .L^c. Ijg-Luj 6jjI 


a^j.w ^jLulxJl ^Ijjaui ^»!^>*-!! (jj.)w'l ^9 l_u£ a! -) 

. £* ^jjoj ^LojVI ( 3 I 1 C.I -Y 
^liiJ ^j-^J! di!jj!i£ ) (JLac-1 ^jIj - V 

cAJLoJI jl^c-Vl j £a 4_i9 JaIaj Laic. ) ^ j ^>aIa]I 4-ojoiI LAj£ L-fill - £ 

; Jlia 4ju* i>t .Ac.!^3 £jJb jj Ac-^lall 6_^1 Lj * _jl^Lall ^a-ixi 

[AJLoJI .IAjlI! 4-oj 9 ^ic. 4x.^)lall bjjsl\ ^j-a L_l^.j-a J^£. 131 -I 

0—a=—a 

*Ajl^ j-oll AAjlJI *Loj 9 ^ic. <c.^)lall 6^all ^j-a l_iHjoj J.A£> 13! -l_j 

0 -(-a) = a 

J^C. !^k j 41 »■' J^C. t _1 Jj. >» J nil ■' J^C. jA L-J 2 >. JA J^C. I. 1 ■' J^C. L_l^jJa 

_1^. ll£- jA (_i]Luo 

Va j)r\^ 111V ale (.. 4j| l^)jg >a 4~ll»-s AjjJalj^ll JJC. J_^aVI 

4 _ji_jjlj 4iijj oiA l“i*vu^»Ij 4-aiLuij ajlsuJ ■^ a 4 7* 7* "* 

■ *77 .. ^ & 0 ^ A^J 
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© 


1 H f- % * Q * 



^yaC. 


jl£ LsAic. _ (jljjj — j_jjLuuj ^ ^LiJl ^ac. jjilc. 

^Lu^a ^j-aa j c*lLa]l ^aOaj ; .jl iij. v <1 jjl£ 1 

(Jjj-aj jLa. i^J __)J^I .lie. Ajilj]| JIALuj J3j 

f^k (jjalJI liljLiijai Aili t ^^Lill ji ‘ ALUI ^1 
Iac. Aaa Luc. i^lLall ^Uaj ^ u«*al j (jl£ Ia£&j _ ajj!i]l 

(jj-lll JiLa. ) ^gk j-nLuII ^jlJaluJI -j-a L^)£a 

t—U.axaJ ^Lu-a (j.■ ua. (jjc. jj) _aLua <^l]La 

jjUaluiJl illju JjLaj ^)i.^-»qll ^a da 

.lillj jjj ^^Ic. (_5^ cdLall ^liaj jjl^a AaLl 


AuiSj i_g jjA C_ul^J (J^jall V ^ ■ ^ Q .' Aulc. (jJajja-alI c. w ddl da ■»' 'A L y^C, Lai 

Ac. I U^*» I l^-ag l.a aJllIj jjl£ i.<» 1J /) c" lljdlj^)]l AcLu^aj A dUll j ^^Sllllj ^j'.ijat 11 

(■" lljC.lj^)]| (JiLa jj^a Ajauu £-Jj C" na i Ijjxaa l^)C.Ljaj liijacAjS j»LiaAI (_jLS dj .(^LiaAl 
daal Aujxll \ g .aajjj i ^L*AI dial (_j-q jj'Vsll Cuiajj 1 ^jH\ (^luaJI l" lljC-Li j) 
ILa (Jja (dijA Au^xll AJtillj i_lLi£ AuLaliilj (j^a jj£I . ^jliK Lgu dliilij ^^-alj 


AxL tij-aaall ^]j AuLlauVI A ^‘s-vj Aujlijxil AjIuc-Lj^j ^JLxll jja (_£A]| ^}il]| a^cLjoll 
tAu!i£ dia^alj Aad^jj daAl AjI 1c. A a ^ ^ Auiuaia J. L a^Ia A iq l i.\a 

AjlUIj ASualall ^g\\ AiLjaVLj . jiiLkjaVi (_ s ^ Cr iLjLa AuL Aj cdluA (jl V) 

;lg-La SjjjS dll jl^jj aJj lillallj c-lljj.>»Llj]l ^gS ^j^at^aA'i Aaa j^jjlullj 
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XIV 


4jjj*JI U-lLajJaLj^ll jliiajl 


(_£A]|j 44aA3 (_£a!I t A >u.a\-Vl VhLjia]I ^Ia^II y*c. Ail ;4_oiAj^Jl (T) 

jit, t-iilLubtt Jalaj jjc. aA^lj 4il j>tuni ( 4 < s^j-\.'i^\l 4 Wa’iU j-*-«a3l jji ^^Ic. 4 j 3 AaJC.| 

^ jlajjijl Iaio - *■ -<i " X l—U^. i^lna-all ajjlLubal] j! j^a alSUxuA 

lAA (jjfL ojj-al*-a]l 4xaiAjfrll Acs^ JIaLij tAjlgiiUI A 

A aLuaII oAA c. ■»' yac. (JjL^. A3j lg ■ uflj 4 mAbaJI A aLuaII Ij31^a 

t(_gJj^Lm Axj Laja l_S^)C. (_£a!I ( ^^£.14^)11 (J£ao]| el£.AJj ^Aklml (JjUull |AA 

t—iLjai (■" n^k 4jj jLiJI lg-}3 £iij ^j\\ all'll A^AJinn a _jSA ^ £3j oAA 4 a]jL^a 4_j£]j 

.l—ljlajll 4_g_^. £ja IaAAc-Lj (Jj-2nu.all jjaj laag >>m j (_j-a (jllaall ;IAia 

CllcLui Iajj T**l © j&> 4-U4AajII A null (J^jla (ji A^jlj cdlallj (JaC. (2) 

< ^4_lua 0*4* A^l j ^A lla^.]' ^ 4 jjIj O f V 4iLaSA £ ^ ^ 
^ V ^tJlc.) 4 aM]I 4_^.ja]| jja 4]aI*a]| (J ^ 4j3j ; -.)-i* .a jaLiill ^^oJaS ^fl(3) 

_4_i^aLiJI i ^^9 LjjoiAjA ^lc.^jj 

ALajVj . y AAxl] 4 _ s jlui£j]| jA^JI ALauj cs^*ti X^ — 2 — 0 ^JaIxaII (Ja. jj! (_$\j | ^Aa2 

• jj ^ \ 1 \^ Ia^-1 ^ ^ ^j]| jA^Jl 

du^. xy = 2 ^Jaall £41 y = x” ^Jalaj 4jakj jjc. ; (JjVl 

{[2 _jA ^Jalajll A JaAj] ^^33^1 (^54^-^-V^ 

jjJ*-laa]l ^Jalsj A Jakj ^jc. ^cjIj 

2 2-, 

j = x , y = 2x 

42c. 4Xqill aA^J ^^iaVI (Jj^aia _jAj 

,(r^j£ 2 )V 2 44 JU 
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© 


) * V £ ^aLc. ^aLliJl ^llc. -^3 (JllLaS j 

x 3 +a 2 x = a 2 b 

* (jj* )^q\l A (jl Cj£}j 

x 2 — ay , y 2 = ;*:(£> - jc ) 

4_^.j.i]| dlV^l-*-ai] Jx. Ja. Jj^ajJJ 4_il Vj J1 >*all li& ^ ^LaJSSj qa ^C.JLi 

Ajj] (jl£ >iSj . 'tsllaJI j»j£]| 4_i_aajjxj dulS LaJbc. J^Jl Jb ^Jaiuij La£ » Aj]Ij]1 

C 5 ^ U3X*^ ^ ^ K>«<all ohA Ja-lui LaJJ I Jla C U^> Jjl^Jl oiA J!La J(jjiVta-sl 
t llua tLJljjlj jj J& ) ^Jic. (jjjLuJI (jjlll J-aVl lh& (Jaaj Jaa JatalLj .JjalmJl 

.(jJl ... 

■ \l\Vil Luillc. LajJ i J-C. J£ (_j-a i jUi ^ A jajj j^taiJj]| <Laiiia £LLaujJ (j) 1 Jjil 
t _g^aLJl (jjjjljtjllj ^LabVI tjlijllj £t^aLau]l (Jjq-w'il aJ Je. iLJj iiJ al^)£h 


0 



(i*oo -w > ^JswbJ: 

^jjL Jacj .%!! ^jjjjJl jsLji 
eljjjallj 4q>aUll dlLliJalj^]! JlLa bjjjS 
itJ _jAj _ gjjlnall ^3 lillhSj AUWj 
(jlj ' ^A-a 

4 in 1 • • Jj3 t jAj .Cllj-IaJI dlUliLall 
4-i^)laj (jiaU tjjlJlc. (j^a 
t^* l, )Vual ^3j i lAj^ji-a J_j^. _Jj4j 
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jUuj! 


XIV 


L Q1 JUjI tAjt.jJral j!La 4_i»Jalj^) dlULud^J 

(_pajVI Xl^a L_l\ j.i.i-s.1 Aij^)Ia ^JoC-l L-lV •(jijVt IlJ'V4 (I) 




t jj.i^itull l—ljjc. JWajj] J) A JauUXa (jiaji (jc. ji (jC- 4x.lilijl ^^Ic. ^tj-al • 


,(V\ (J£^u <-ak]l (ja (jaVI -laa. AA' ) 


A' A 



4jjl^]| ) (J) Jal 3rs IVI 4_ljl j L)^ ® 

(jjc. (jjj (Jj-al jll 3-» •nII QiJ 


jaaJl £-a ]3 4^ 3 iq : c 

jjjc. ^ jLJl ^jiaVl 
jjJajVI ^iaS t. fl-i^al] R A' a J^ * 

^jJaS t. <it^»l (jjfLjS 


D cos (P 

1 — COS (p 


M = 2 kR = 2 


22 Dcos 0 
7 1 — cos 0 




4jjla>]| (ji ;' g » .a^-La ^j]l 0j^Jaxa3l o j ^ 2.. \ ^j£Sh V Lid ^ya ; 41*tiln 

4 -Jjj £j^a (Jji ^ ^a 3 4 _±a. ; 4 _illa jjl£ gj jl-u'.ill p j 1 ~s..a olilSua (jj^iLa]l 

<_)j-aj Jia. i 41 j 3 3 ^*JI Alc.\ >>».a (.. l-yj £j^a (_ 5 ^ 

^jLuJI L_ll]a]| li& ^^Ic. <=.\_Ll ^aa]l i^yi aJlC. 4 jl lir-j y 4 ajA \l ^ali . 1 £ £j^a]| ^Jj 

j^aaall (Jj^lLaui i_llia]l IjlA (jl t A lUi ^^Ic. p Jj-al (ji .3*4 4(ja±i j£3j !^ lA 
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uj> ' 


0 


jjx dlloXtJj iAW ,a,all ^J-as A.-sLa^i ^>j£l (jj’sjm t-JjU-i.all ^aill l" ill's JX (jV 

; pj .a-sail (Jild (ja (Jjlg-ll Ai*JI li& ^.ji Aa] . pasll 

j , ^ * i 2^ _|_ _|_ ^<5_?_ 2^^ _ 1 


A II ALaUl p a i ^jS^A p ^all |1&^ _ A i-v j^laxu]| aImiImJIj ^a]| 


1 + 2 1 +2 2 + 2 3 ... + 2"- 1 =2"-1 


_Aij^)*_a]| A-al*Jl Ajm.Vlg 11 AL-aL-a]l ^d^l^all <vliJI ^j| lilli ^ac. Xj 


O 



Ud^' Jd 4 ^ 



dljjju dL^^k ^aaC. dlloll (jjsll ^ 

A-laidVI tiljl-a-all J dLlV j]| ^2 Sjjj£ 

(j-aVI _J^I (jl^all pfi-al ^3j 

Id ■ .'■<■ Ij _ A ilir-l ^. d \ |J)£^a (jljjJ 

^1 jll LS^ LS^ ^ 

A] ^ajj (_£i]| (jld ^ lie.I a ■ mV I 

.ii]lj& t _ 5 jJal_l^]| (JaaJLl 


t ^-ui_jia]| _jA A jJali ^_ui^jJa]| pijj ^ X ® ^ ji-a]| pill's VI 9*-lJ 

i^IUa JJjS Xaaja sLijJ A * XJ jjl j di^JI Ajlall ^1 oeVj (Jill (ji pUalLal 
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LijjjlI' CllLjJaLJI jLiijl 


4_Lal*ll 4jl<IJb £Aui (_£ill - _jA (jJJj ^^-uijall (JJJ _jL Ln.W (ji 4 t.-»qll (JJjj 

(_pi3 liJbLl it’Wa iiLlc. (J Jj ^]j aLujill Jl JlaJ dul; (JJl3 - bllall Jc. ^3 jji.bU 
(j-a Jjli Jl£ jj£j jJ (jj ;Jlaa tc. 'ba^lL |(jjl jj-^Vi *-.'I Ji La ^jjl 

i. Lm-Lj jliUll dl9jll Jlilill 4jjlll J Jja-aj 4_jl_js t 4_j iila.lkj La blia^ja-a 

Jl q-\i.iA ! aliiia L_liS Jj tA_ii] \.na*slj aljlllai (jJb-a J ajmi-J ; JVjA _J-9 .^akll 
^-ajjj t4_j jj j blli Jl (Jc. j£VJk 4jj.la*aS i lilL Luaa. ^aall i. a■ ait3 tiJj£jLall 4J11I 
Jvkll i-aa^a]| a Libia (_A"l°Vj) J YoV Jc. ^3 4.3 £t-ajji La£ ^.alc. 4lLabaJ 4-1 

4_i_alaJl 4 Jail a J ~%LI jJaj blkll' bJljA Ja Jac. b3j jc-l^a 4-ilAa ^3 L_1 JIa-all 
-cg £lall 4-aliaj alill bill Ja aliiujl LaJjj jL-ajVlj jsl^alb 


Jc. ^3 ejjj£ Lai jLjl 4.3 j aJJali-a (JJa. Jail Jac. ka bllall Jj 4jLjaVL 

Ja (JLaC-V 4_*jLLa 4-alai-a^ 4luilaLLa dlU^p b » ■ ^ * bn'v c <LujAj3l dllaliLall 
jjj-aaaVI ^cjJjj £j-uIj (J& a 1 * *^La Vj .JuAjjJIj S-bJl Ja ° J. Ua 

J JaJ L-1C.J (_jLll j) Jb£-mj lJL Jc. C_lL=».l qj. ijal-UJa J l_jjc. Ja3 , j_ajlc.j 
(Jjll ^iiljLalL 4 eAj*-a jja jjV |(J J1L ^4_uiAiJ a j--^1'S^ 

aj^ lajja j 4J| Jail ^^^l ^33 lillj ,4_ujAiJI Jl 

( Jc. Jijall e4A J LiS^jc. lij iLllj a-j ja'La'i Vj . _jA 4 ai\4.U J-aJl3 4 ■ aAl^ 11 

(JiLaJj J Jail ellA (jl -ixj La^ a^i ^3j _ (Jjlaall jl i_lLaiall 4jauil y 4_ujAiJI ^jc. jjjxjII 
jjj^ll 4j lAAjC.j IJ-aj jjl a*-J dljl£ja Igjlc. jll 4j}laLll 4,m.Vlg 1L 

^^Jall 
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0^)AJjoia 4a ULA 


(jx ia*s ^jjLoj! ^Ic. 4*uu. ViA ^_b ^jAaLixJl 4 _jIj£ ^9 ^jjAiIs! j! ^pj^LoJl Jj-aall ^9 lj^)£L 
* ^.A 4»aLoia]| oAA j ^^joiaL^-II <LaLuia]| jl ^j|J ill 4 -aLoia 1^_Lq CjIaL-ua 
# ”ai^.j Jl ja ^.Loul j£aj ^ ^11'^ A-laaj Cy* v 

jl£ aVLj 4-jl ill , vile. I d^jJalj^)]| J.w" S^jja d_ijl£ 4 -aLoiaII oLa jl Ul9 dij 


# djLJjoiAll 4 jL C5 ic. bLuc.1 4 \g \\c. jIa^II 


Jj^II jjx*Vi ni 4 L_2^)x_ll Jju>Ajj]1 Ja Jjjjj£J| J-ajAL 4_aLoia]| £>La dnh^k ^3j 

1_a£^ ^Aiij jl \ g J J^a L_J^)J5j JajLi'S l # IhtiJ lg_J ^wil 4 >jVl 4 # ^joj^iall 

;tg_i3 o Ia j <aLaa!I o-^-J I_Jac. Jaa 1 >>>» i Iaj 9 (Jng \l <JjI ^)£L 

_^A Ia£ ^Aiij jl J1 g >>» j Ja L_3^)jkj JajLi's JJg " (Jjl -L^-V - ^ 

J-aL.ua!I dljJd\l Jj| CAjlSa 5 -j^)Uia]| 4Ja j di! jll «^L»q\I ^a JL^JI 

JjjIj Jng,\l (JjIj S^)9 <JjI CIiAj j ^Jl^iill ^jAjaL ^_jI ^Ja JS 1 x>>jl JjL^. ^ - Y 
(^»AA * -AY ^^a! jaJl .ax) j^jI ^jjLixJI ^co! dij J-aL.ua] 1 &La ciiLLI ^a^jjc-j Liiuj 

# J)lA^)Jl Ua^Jl Jjj ^_uj_^L a]| j£]j dj iUjI 

4-aLoia ^Jc. J)Ia^)JI l-£-i9 JjU. £_£j!jj]| d ^ J 4 -ILojj J-iaJl JAC- £jJaJ 

Jj Vu^iaII (Jaj 1 Ag j Ja jUjlijAll jUa^-II )I^a AiLdaU J^]j 

£a <aLaa]| oLa (JjUaj <il jIa^)JI I La Ja J j Jl_j^)IL! 1 ]| Ja LaA-^c-Ijj 

. JjJAjli ^Jj (J jLojj C1 iIja]| Ul jJ ja'sa jl ;A_ida^]| 


djLjjJaLj^)ll jLSjjl 


XIV 


Ja jl-i'Vl ^ AAA\ \C- <LdLill 4_jIj£ ^3 ^ 

^ac. i ^-.''ijg II (jj| ) AjLLjj a-lkij 3alj| " Ajjljiall 
Ig-ilc. 4_kjiilj ,'m'ujj VuLjiaI] ^jA 

LaJS \g maj ^aC. 4ij^)Ia ( _ s -lc- IjLaJX-a 


J 


3 _ 

r 


<Lajlij Aj3 \ jU.ll (_j\ (■“Inj jji (JjL^. ((JSuoJI (_D^ (_j-a (j*3 


(Jj-a jj 4_j| (M " ^a£- (JlLa 4£La^ IlIc- 1 t a^L^Jlj 4_ki9LlAJj 

jl£ ^ill ) AajI O^J . LajI^ ^jj^Ui .1 Ajjl^l! ^jl ^ \x j 1 _aa ^aSLiill 

^Aila! Alal£-a a us-i jh ^jJaj3 -\a\\ ^_i (Jl^. J) A^uj \jx>iLjj 

aS\ (J-a*J 1 Ia& ^ a !1 u^j C 5 ^J S^C'VIj Ajjljj-ail Ja.^ 

AjI^j ^9 ^^)j£Luj j (jjUxi.Vig 11 (Jj9 ^ja ^ ^5 t ^alc- LJUajj 

^}jc* A-ujAi^JI L_flLujj^l ciAjIaa! LujLujI diLk-^sLii <-** ^ ^ jj-aliill jjjall 

# AjoiaL^JI AaLoiaII A£^)*_a ^jl! 5_3AllsVI 


i \ A Jjljj ij» U:TT : j Jr i^: lH-^ cSJ^A? (Jtjt ;4ii^U 

u • r : ^ujtu^ ipa 2 nr 
”_J L_Aj^)*_a]I ^aJLxJl J^LiA ”(J £. j£- U <"\~\ \W lil^)^A ljj| ^ jl^XJ 

^ x>iLjjj ^gjl 1 a^^-C" C ^ Y * ^ JaLlA ) A 
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& A4 

■ n 

L fM ■■ V 



a^UjaaJl lgj<-aj . Ajj^jtll dlL}jJalj^)]| 
(jjjjlll (Jilda j\ j.m^. iVI ( AjJ^jaJl 
^ ^)£3 j dalA eLajJ-J ^•atul jJ (jAlHoH 
V* yr^' H t jLa_all |3A 

_^dc. (jjall 


3 jla]| .uvs i (Ulugh Beg) p 33 * VI AjLIaj c^lhll j di-daL^]! ^a J-ac. aaa 

Ajal^a U A ■ di; 3j3^ajai ^3 1 3al& lj)£^a <1 j»lal 333 _ i^lilj^ajj l_3j^)*-a]| _jida]| 

|3^J UIjS i_k]| 33 j _ LIIjA dl3^jll |3A ^3 I j» «aaj (jj3]| aLalaJl Jyz Ac ^^ s3c.Loli 

^aC Ig-J JaE. ^jjll ) (_£3 Aj^jiaj] LacaxJ (jadall ((jjj|3^JI AA^j) A-ojjI i _ya jt^vsll 

33 j _ (|JA ^3 (JJJ3J (_J3ui 33 (jjfL _$A j ) AjILuj A -yi-s. >✓» (_}jLkjilj Ajjjji£ (JoujiI J] ULiaJI 

; t _)j.niU.all t c_llj£ll |JA ijk i dl3jj 
3 \ L da \ « « « ^ . M ja ]| 0 
pjil 1 A_ij-as]| • 

\ £ pljill • 

yx t ul| Aj^. i_yayc. dl^a 1 -dy 1 • 

-( _g Ijlmllj ll (jcaliaJlj A-jjLg II ^j>u‘sll A^aliYViml jA ^ tal’sll Aj j^L'll La 

A_aJ3 3^.jl 333 I ^j-LaUVllI (jj3A L>° ( -^ CS^ tdlljlm*sll ^^3 i la-Jda jjlS ^^alSJl (jl j3jjj 
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A_ljjxl' jLiijl 


^gJaa-j 271 AAxll (ji AiSAj q±i 7 n-s i (Jj 3 <jx lillL ^ Axl Aafmj ^ ( 7T )<g-J ^Axll A_ujjSj 

l^gll La£ ^ 1J~ixj.i\'j (_g^)>ua 11 (jjxliiillj 

7, MH/i^r. V) VIoATo 

6 ;16,59,28,34,51,46,15,50 

(_j^a i AjLLxx !■_ Um ^.1 i ^gj AAxll jjjfL tillAjj 

r, MioinoroAivirro 

;<gA ^3^)11 lAA ^gi Ac-Lxj Ajx 1A£ ojLc. t —^JJ 

"ijlkp (fS^j jbjj Ulavit A3 jl>Sjilts' dUUft j AlUfcj U*" 

^jic. ^ALxll (jjall Ajl-g-j (g AlSlI 3*J A^j I g,h.-ij AAxll l. llm*s ^ AjSAll oAA 

i_]S>allj ^gJ AAxll ^)gJa c“n*s 

r,)£)oinoroAivi 

;^gA ^3^)11 lAA ^)£aj (_gi Ac.LaiJ Aj jjKjVI AxllL A_La^l£ ejljc. l - J lilxll qaj 

How I want a drink, alcoholic of course, after 
the heavy lectures quantum mechanics involving 

t^cJjLill ^)JC. i ajJ^)xj AaK^, AjlLila >-A t~~n^ jj^aLall A_xjjIj JI AAxll j 

AAxll lAA ^-Aaj AjjlSLai jA OJ^xVI (jj^SJl CS^ _j2£\ (J^juj Lax jj£lj .Aiui £ • • • Aiaj 

;A3j^xxll (Wallis) (_>“jllj ^-auxa (Jjx A-i^ILa JJC. yaa (J^uL 

n 2 ■ 2 ■ 4 ■ 4 ■ 6 ■ 6 ■... 

2 ~~ 3 ■ 3 ■ 5 ■ 5 ■ 7 ■ 7 ■... 

eLLj jgjJI AJaIIj jj A Axil c_jLxx jjl^xVL (jjfL AjAjc.j 

aAui \ « _j Aaa > Ia^)j£Ij ji aaxII LLa-iJa _^xl (Shrank) ‘Lljl^Ao ^jlS Ixjjj 

(Jm-tlj _A L^ilall Axj O « • ^glj ^3^)11 (jjjxxjl (1 AW \ A O V ^jx ) 0^>xC. <jx 
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^ 4 3>.-ili3l a*j f&j jjjla »^ aC, j Ajl^aL (_ja 3I i jj jjfaj^3l jjgJa cJj 3 ^jli iaa 4 )-»^> 
^aC. jps a.l^.lj 4Aiai (JALa o^aC \a 4duj Y * ^Ljal 4j| <LaJlj-aJ L—LU^aV V)j t (jllli 

_ JJ jjla j^3l 


t~~'l j, >*'jjU j ajl*A3 l U& j IJ ■ .aC ijjjill oilA dul£j IjU^ii Aiul Y • • 4 ^' < s-v\l diU (ali 
oigJ ^tL-^aJj _4.3j.illj jj.i3l (Jj 3 ja ; -.l»ll IjajS Xiadailll jl£ C n-s Aj^sliLujVlj A_ij)Ji3l 

^ic IajL-oj 3| ^aJbil i Ajj^jjlII di 'j . >.' jjJl jl 4_i^iLuiVI di'j. >*' ijll 4 iamlI ojjall 

<vlajVI (_ s Ad j-« I J^sAS jjaiuia JAC. J jjaiuia jj^)A.I g.\xilc. ( _ S ^C. (_Jj Ja£a 4C_j)ji3l al_al*Jl 

d^.j Aj| Vj tAljAll (Jj 3 jps l Aic. 3 lal^l (_£a 3I t^iadull ja ^c. j\[aj _ j AjjIjaII 

^ag A g.Hj t jm>»ljj3l al_al*3lj dl3,u>iljj3l I jdaAlj jj,i3l eV jll jl ^al.^^ll j>i» J 

4-sl-a V (jl (_£^)^.l A IJ 4^>a.l ijja. A-ialiLuiVI fj33ju3l jc ^j^)iJUj Ijja. il^JV3j 

^3 ojjj^ i— iljAu dnw iaa dlli ^1 AildaVlg . jljall Aja.j-» a t _ 5 -d J£ jV ^ag-a jl*J 

dllil A-^jVi _ 3jd3l j^s LSjl-^l j jill J L>° ^ ijlt^ill jjill (jc. A^jU 4jilaJLa3l 

J U^^y) ( J^° 3^^^ (_£^>a.l d ll g -n J] (jig Via iliij 4iaji3Ai3l jl al_al*Jl aJa»a dljj 

alajl ^ja-s (ja L_)3iUa3l 4-ai I jig jji 3_1a3c I j£^a AjlajS dv'lC. dn*s (jaldj^l Jlia C_j)i3l 

djl^ajl*-a3l (Jfljj -tla'lll j a3*13 3jjjjl 

t i' . ,'■>. IIj 4_ujAigJlj jJaJl j_;j3 -i*i i |jxlj (jiaLuiallj L_l^aJI (jiidaljjl' jl Aj^aliLiJlj 

Jiljw jpi adid^.j Aj^?. dlliljJaU Ij^ilj l^a£ _ ( _ ? jUjJlj < _ s Aj3_a 3| ,1g»3l jx (a^jl) (^l (_ji3l 
JJaJl (alia! d n nil A >✓»! A.II (a^a^Ja 4jljJajj j^l^jll ^gS 3j>^V^ djli-i-kl^a al. 1 -via a I 
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XIV 


A_IJ jal\ jUiijl 


c. 4a.al (Jjl (jjJJjjjVI dllac.li IjjjjI (JLaC-VI o4A alaJUa dliajjl 49 j 

jl£aVI (jfi ^A^JajJal la* t<_)jaaJ (JL«C.VI »4A U^J .4-ai4igJl j 

lij^a-a (jl£ iSjz- t Ig-La JA&ll (ji 4*J Lu9 (jjjld a$juiajL aJjlLall 

»lAla 11 

^9 t<vl4*JI I j ii.^ li Jlajj (jl (Jj£]| l_Luija]| IjAaj 

t4, \\u allj 4 jj 49]| (jjj (_jj9jj1]j ^aAlijl] y >u.a 4jtJ jlajj (_jJj j49jJJ ^alj AlaXillj aLalall 
^jVlj ( _ s -al*-ll jjXill 4ajHis jj£aV c£Uj l“vW _jlj (jjj 

/ejLjaaJlj loa. j] jib'll I 4x.liaa ^ (JjJJjJjVI Ivinujl QjUl dllas li-aXl Lalj 
^jaLLJIj 4_ic. jjjiJl 4 a.,loll jjjj ^Alij t*vWj 4_kjiii£l] 4 in lib ~y2i\ <■ flliaj ^]j 

^^9 liiii ^^9 jj^Jail9l 4 _uijJLu (_jalcl (■~*U'sj c (jLaj^)]|j (jljjJl ^Lil a4jLa]| 4 jqmUll 
j V'n jjl IjjjjI (_ 5 I c ' (jl^j tjlnjVja ( _ s jLoj^)]| j^Jal^asVI (Jj 9 (_^ps (^0^1 ^alc. 

/"'' ji -^t-, ^Lc, ^ « « « 


l * a n i ..« i 




4jt-u^a]i 4-o-i9 4a ji CLua 4l4cVI 4j^>laj ^4ul£li (JaC. (T) 

l 4 +2 4 +...+10 4 

? 4-ajill o4A 4aj aijS 

^ij 4 _jxj ^jil 4au4j^Jl 4laluJI 4a_aa ^ic jjA^ja L (^ 

, , „_, «(/'"-7) 

a + ar +ar+... + ar =—^- 7 

r — 1 

! ^Liall jac 44j^)Iaj ^ Lau4iAj) Lj^jja 4a!iVl 4j4la-all (Ja (^) 
x 3 =x + 20 

^jA^)J , Liau^jJ 144c. tji V j ^jjj4^)9 ^jj44c. ^j-aa-n ^jl (^ 

_4uajJ)il 4ljX-VI j 4j4^jjall A.jajjyill 4l4c Vl (j-aija ^l4aa_ulj 4lij 4a_aa ^ \c. 
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o 


CIvVjI-'aj 


Ic. ja>,q (Jjaj ^ ® <jl ^j)<q><q ^jjxj^)-o ja-na ^lail^p f.ljjl j ^Jjjlijlajjj ^) 

L Lulll ^3 j >( jj^^C. ^yuj-a] Ic. ja~>a Lag-La (JuaJ (_£^ll K j ® (jj-lixil AjV 6 ^jJ^^C. ^}a1 

'^^Aj AilaS/l a^A (JlLa IgJ ^>i\i AaIo dAa^lc. ^ ^ ^ ^ ^ jjUJt 

(a 2 +lr)(c : + d 2 )=(ac±bdf + (bc + ady 

# Cllla!>UJl fi^A 4_^-a CIujI 



; 4..villiI Aajj^alill ajill c(-_uj^)Ijll ^ic. ^ ^jj^uLLaj j ^ja J^c i (§) 

22 „ 5 J r- 

n =-,7r = 3H-1-, 7T = yj 10 

7 60 360 

?4ibflaJi JJ ^Jjsj Igj 

fi^Al^. Lj^)jl <1 w u^-al LaJJJ U J (jjA^Vl ^^lxJ l_Jjl ^gjj L_3^)*il (jC- (Jjkj 1 }a tilliA @) 

?tiilj t_5^ c ’ (3^*- 3 ^ ^.j^J 1 i^^La p&ll I^A (Ja . Ig-al-iHui^ l^Hl 
9c_j^xll Ajljl Vvll AAri.Vvg.ll ^jg.J^l <_j^)* 1I ^jjjAV-alj^)H ^a l kvl (^) 
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XY 


±44 ^4 4 . 44 

, I l7 41 4 ■ a 1 ■ 


jx^VI ‘•"'Yj £V*l ^Ic- *—■4-u^_fc}^ 


(J>j.aJ jJ ejlia]| oiA (JiLi.j _ 4_lui ^ • • • JlLal <_Jj^La (JJ (JSjjjJJ YjjjjVI 

^-ujIj jiAi jA jJii c. cUlall C5^ -Lsa -laJj ( _ s -a*aljj einu>A j <jj Qm^iLj 


. I jjj ^yc jj jlj jjL 4—a 

4_lj^aJ| ojLja^l] ^cAj J^udll ^ya (jglljl (JjjUl (JJll lY (Jili-j 4_j| ^ mil V (j^J 

(jjj-allj AigJI l^tljuij a£- 4 YjVI 4-lilVI (j-« (jjjall C5^ 1 

H ss e i 

^>jic. (jjall L-aji/r\j 4 o^jall oiA ^ij (_>“LjVlj Lai^) J 

^^3 CjIjjJI L>°J l3^>-Li]| O' 4 Yjjj^ (Y) (J^Li dlLajla-all (Jlli^j ta^jij Laj 

4 YilniiV I J) L>° Ac^' Aa^jjll (_D^- l>° .iSj ,(_}Ja}V| 

(JLaC-l (JiLa ejLilla ‘Lu^aJl L>° Clo^Jj Y) AjjlfuiVI (J* (jjj'Sjm.allj 


.((jjiJjlsj) j-^al l» 11 j (y_y ^a.lUa.l^ Lun^Lal] La 


it \a^ y . j a 




, ** . .1 * -1 • tl 


©Fibonacci (? ^®* -mo Lmm4\4S^4 

•-1__|__ y TT ^ + ~ 

^j^lj # ^)ijalllj (J^llll ^)Jj£ (jl^j (, **i*a !^)^lj U -0 jl^ ^jajlj^liS 

4_jIj£ ^9 .^jjUal! qa LgJ 4_lijJ 4_iiJalj^)]! CllLo.^L laII ^Hij <-oL<uA! 

Jj'j .uVl cs^ bjjj' cr^' ‘ ^jjCI j»Usu3t (Liber Abbaci ) 
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Ol.ic.bU ^Laj^jll c_ul^. jjlj lgija. ^ OaJLui! 4_j£]j LJUajJ ^Uoill lilA (J£j La 

4jl 3jia JJC. f.\ ItnI (J<j-a li ji. . j)l£ 


T 


cr“Lijjja 


jjLlj^aVI jJij mo f lc ^ : CAjjLaJ! ® 
Ia OlLljJalj j )]| aljlla ^Id]! kiLjAl^ 

^j.a-s JUj AlluiVI ^J-a> ts Jc. L_ll^jj ^5-kJjLj _jjj3 

; jUlUll (jVIj^i J& ^VnuVl eiiA (jjj jps 

5JiL*-a]| (J^. -1 


x 3 + 2x 2 + lOx = 20 


^joiLj jlAS 4 jil*^aJ ,i*J LajS 4 Jil*_a]| eilA lOl 9 ^)C i 3 j 


.LtJ^a li^C — + 5 ^jjjliLall jpi (J£ jjjfL ^“U'VJ — ^uiSJl jl -L_l 


(ji JJC. _<LajH]| OjLi]La]| (J^i (j* P lilA (J!La ^Ulc (_}jijJjlijJ.i jji IjjSi .33 j 

Jj£I AAl^jja (_aA j (Jj (J^Jl (JJjijlijji L_1 jiaul ja^luoJ aj ( _ s -uAjJjj3 
(JJj 3 (Jj^jla dl3j ^a lillj] ilaLj i^al 4_JLai]| -il-iC-Vi BJ^a ^3 jjl£ ;4jlLuUt JliAC'bfl © 
^a (Jjl .lgJ3 i ja\\ (_pa jaiil] 4,-^.jll C l\,jt>»lj^3l t _)UL^a il.3c.VI eiA (_Ja»..3j (ji 
V 4_j| A} ^tjJajli 4_JLa 3JLkji* ta^a t^ULiJ jjl£ iaa jA Ig-lll J) 

A g jl-s a A g jl-N (Jj i.i*Jl liA (j-a L_lj^Jl ^la _ !■_ lilm iiC. ^1,‘l-v'ij.alj V] lg l*s (j£<aJ 

.<11uia1] ._ 1 ^C-^all (J^JI ^Jl (Jj-a j ^LLLa a jlxui. AiL 4 q. 


<ULuia]| tajSi (3>JJ t c_lLi£]| ^ (JaLuiaUl ^.i aS @ 
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XY 


(JS a^a (J-a-kl ^^jjYI (jl j .la.lj _jA l_ujVI bj £3 (jl AJLula 

Aitt Lajb £aJaJ (jl (jJa^)ii]j .l&bVJ ^gJ-l L^^ll >all jjas la-}J 

^ AjIc. <_)j^aa-j <—uljVI (j-a La.jj ^ .(^gjjlj _j£j) L) ii ' l >" cs^^ 0 tly-^J-a ta-iVjll 

? U.l/V^ ^ Qijjjak (JjJjIjaj Uta tit U.V/1/Y 

l^ljjVl 33c, ^ jl.ic.VI (j-a aJjIjiall AjUjlLall (JJjLa. jja ^Ja»j L_ll_jaJl (jl (jaxi Jal 


1, 1, 2, 3, 5, 8, 13, 21, 34, . 

; L " 'J~^ 

Fj = 1 ,F 2 = 1,..., F n+1 = F n + F n _j . 


^A djlinJaJ lg_I 4_loAI 4_i11j1aj aA j^)x_a11 4 4_Jl2L<dl a-^-1 

<axx^]| jL^j! 4_ILuia djlajJalill g,1a 4_lLoua <x_nJal! j A \1 

j^jU jJ 1 g ^Vu J ^1 j f$j|*L£j] ^j>ix j ^ '$ *.^Vn J Jti\ 4 A-uA^ll <Jjaiillj 

,<jU^ 9 ^-ulliSj^ 


© 


^a JC.La J3 j t^jic. (_}ajLuJlj jaic. (_}jiaLaJI (jjjjlll ^^3 ■ >»' Jali,a ill ^asiLa dj^Ja 

jj^Ja ^gJj dlj| i aJjJa. i AjjL^ajsl (jg_jjai jj^Jaj (j^jdJl J) A-JUajVI ajLaHll JaLij dllj 

<_g3 C_I^)*J| ^jjji.>»lj^)]l (jjaxj (JLaC .1 Ya^.jJ Jxj L-aajj-aaa.j) LllUajJ t _g3 jjAJjJaUj (jjiaij 

< _gJl AiLjaVb jjbjlSj UIIjjIjj jjj 3 (JiLa (^ic. tllllallj jdaC. ^lall (jjijaJl 

dlLljdalj^)]l dliaC.1 jjaa^)ll l— 1 ^ 3 -laj Ac-Ulall ^ljli.1 tjjJ^JI bllj 1 ^ bUj 

.^LaVl JjjljlA Lai.jj aj3 
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A \W ^c>q^Lq 


uj^' yr* l> Jj' :(Gregory Remmini 1 V'oA _> r > >) 

.Ajlgjill] 4_kia3j jJajjiji L allA (_£a]| y, U^U _jA ^ylc. £j|^)]| 

Jjc. aJVI oj^a (j- 4 t A-jaj&aJI AjlgJiUI J] 4 i.al'sll AjlgJiUI ^jai JlijjVL (Jla 2 n*s 

cilia (J*a ^jJalkjjjj I jjai AjlgiV (3^- ^IVI l^-c«at^gVi-all 

; CllUi^l]| (_pa yj£ ^gA l—kj-aill ^1 l£ ^ia9 (JlilV yp 1 


- J 3 7 

t =0, — , — , —,.... 

2 4 8 


. jij-all ^ AjlgJV La Jj 


J J jAj LaUli ^ ja • (Johannes ^ *V“u> £Y“i) qAajz.® 

e '32 ' ' * \ * 

Aik.J ^j .Igill ^1 4 jjS Lpaa-i ^ X J X J X (J jail IjjaiJ ^_ s ^.\ (>s 

^ajj 

# 1£jLqL^. j)^ £ * i ^ ^ Y ^ jjoi^JI 
. ^uuaJ I yJlkil jA laj] 1_1 A| j]I ; (Pacioli Luca f> ) 0 )V-) £ £ ®) (jijjUJjb © 

^^ ® ^ ^ ^ £ O Y) ^ in \\*\ \ ^jJa^ .^3^ . A -aJ-Vi \a\\ a (JIjIj^ i _ kli 

\ £ ^ £ ^Ic- ^ jjiij . Ci^allj ^ CjlkiiLUll (J!>L^. ^j-a l_jU£JI !1a 
A a'W j cilli ^ L " ^ Q A n t- * \\ ua \1 <c. ^ >f oLgjoj 

4_mx£lill ^jc- ^j! 

<i Vi .all ^a la jl] ojj^-L 4^. j] ja. jlij laA -t jjjj.>»lj^)]| b j£j!ia 
_l^.j j ^JaoLa]| o2" jj-aj ^-a 

la LaIj Vj£ Jl AiLiaVL . (Michael Stifel ^ 0 vn_ > £ AV) JLUjj @ 

a^alLml iLLaa ^diLuJaLj^Jl ^a (JsjLLjj Jae. aaa <uuj^]| ^^a A_*jaj bj^pa 

. A, A 2 , A 3 lS^ c> 7A, iAA, 1AAA 
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XV 


i_4_lajjj|^ jy,'Q 1 ^ qa J<\l ^ Ajil^Ja Al dulS 3j 

4^>auIxJ| Jj] LLJI J) (_)j-aJJ I. 1- 4 ^ lillL (_3jf]aJ JjLi. ^3j 4 4 aKII 

4ii^ ja^a]| 4~in ^4. i"\ l^)iajj . ^ OXY/) > /\ A ^.gTlUa ^JlxJl jjl 4 jLAja^. AjjUj La£ 
(JsjLLa jjiiAJl 3 j i 4 i lUiill l&jjijj ^JI^jaI Ij 3 ^j^a 3 433 

^ 4 mSU 4 _i^Jl ^3 4 _ujij .laj jjl qa V-iJ 4 jV 4 jj£Aa]I £cjjl!i]| dl j 9 3 *J IjjliS 

. (Wetborg ) £ jjfyj 


o 


-i3j b L_lx£-oll 4oc. 1 jJa>a ^Lum !^.^J (aJUuI -lia ^4 CliV^Lt-oll CIluj^J 

^ .to..jJa A^.1 (jjfL l** i^i ( jIuiaj 6^)S ^JaS 4_lLaua 

b ^LoSI ^9 La 6^)£ >^*1 La-lic- ^Jj ^^sUall 4-i^ii jL^jl 4-lLui-a ^Jj 

;4jm^l'l <UjLla]I (Ja. ^J] (JjVn ^ULuloII oAA (Ja. <j! 

x 3 - 3x + 2/3 = 0. 

4 IJ>C. OJAj 44_UJ*£j]| 4 JjsLla]I I jla. (jjill 4(jjJlJajVI (JL^.^)]I jl£ 4 i.>»g ill ^aj 


^-uiaji IjaIc. L/L^.j ^aA j!i£i jl£ Jiaa l4il^)la ^ ia j!i£i £cjjIj]| .*>g dj (jA 

adlAlIj 4_1a jJI 4 n,l -a S.W (^JjLaaJ (j a1*LuaI' ^ja 4^)jj ^aIa b ~^ Q j V 4l£j 4 ^-uifijLl 

el aIc. jL£ (jlS (jlj 4 j.^ix ll <il]j lg_J] 4-^La-il ulialj LUjaflj Aj£^a]| 

Laj3 iuu ^gj! Iji!a ^ili jjjjLoaJl jjjikjjLa-all <J^la (jj3 Ijjlijjl (jjJUajVI 

4jql-Lll 5JjVI CllajSI t i+ a Jj-al]lj (jj^alLall dllja ^Ij£LI (jjjxij 

LgJ Lajla I^jjl£ (_ 5 L]| 4_uiaL^JI C_1j1^a]| ^J3LJ La 4 4 i >»g jj| J i ^>r- ^ 4-aiiA]| 
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Loj 3 (jj.yjajq ^£j|jlg_a (jjilill (jj^jjJail I_jjl£j blo^i IgX.jL ( _ s -lc.J jjJ^-alla 

1^j 3 dlLjUa 4 lil jLall Jal/lj ^ Ua^.1 j 4 jjg .a->ll j»Lalj ; -»g lu 

-( -.g >>nc. <_Ja£j La 1 g.l^ j^p 1 (jjImPjj j»£JJ.a£a 
ciljlaul (_J^Q (jjj j_pi (jl£j !*Lm*£H3l 5Jjll*-a]| (J(."ium'i ^l^p-all IjlA ^ 
jj3j jjbjl£j LJUjIjj 4 c~*A J.>^lla]| (JiLi. jja 4 oiA 

JaJI jc. t jj^ f^iaj 4 4jI:u]| g-i Laaj ; (Ferro 1465-1526) jj£ ® 

(Jak J j^.j (a^*-J AjIaJI (_ji I J, Vale. I 4_m*£j]| <lbl*_al] 4_LujAi& Aaj^jjaj 4 _ 5 Jj j )£i]| 

.( X - y 2 J V = X 2 /i? U J* ^'4 1 ^iabj JaJ' (> LLaaj gpj-ajalipa jjl j£2ij) l$l 
j^pa (Jjl jjja (jl^j • L^l^jL 4_s_aL^. ^^3 jllLaii 4. 1j„rVl<a jjja (Ji-klo 
(_pi by*^ 0 P -4^. -^-J g>a <JJ bUi£j ; 4,PMI ^JjlLt-all (jlLij Li 

(*) x" 5 + Z?X = C 

(Jj3j (j^J . die. t jjjj.>»lj^)]| (_ps ■AJj.a°l\ La ( _ s lc. 4_j jjail] Ijjjj lillj liljj 4_j| V) 

.(Fior ) JJ^ jjLjiajV JaJI ^^JaC.1 4 jj>s 

5jjAa 4 L6 ^c. g_a 4 Ijc. .(Tartaglia 1499)L*^ijtj(g) 

L4j ^Lajjil ^jc. j ji^ll <1 Luj 4121jjIj Igja gpu*j (jl£ 4 jjAa]| 4(Prescia ) 

£aij^ai bi LJIjjIj jjl£ _aljlj £>j|j La^s <■ 'an alb 4*S i-\ C-J^pia (^jLLall jAj) 4_las] 

(jjjj <ilJ XudLLa .blUajj ^ 4-mxSjJl dlV^Lt-a]| (J^. ( _ s -lc. (jjjjlill (j' 0 

4jjj3 ^,Ic LJIjjIj 4_llij (jXJ 3 L>° ^.i.y*5'ill 5JjlL*-all Jjj ii.1 ) JJ^ 3 iS 
(JLa dlV^L«-a]| j (J^.1 L>°J U^J (*) ^l-'Lt-all La^.La (j£ <_J^. uja. 

x 3 -I- ax 2 — c 
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XV 


VjjjjVl CiUdl 


C_Lx£| Lax Ig La ^3 jjj 3 ^>'1 ^ l .am (J^Al ^3 LJLijlj Aaj^ja l” i-ydi .333 

jjbjl£ £x t—iXi. ^ 4 jLi^. Abb LJLijlj f_g -Ja3 I_ <aaxmx]l _)j|J2bl LdLijUi 

- dlV^Lix]| (J ^g3 (_3null A-jSla (Ji_iAjLiAI (.. luai 


© Cardano 



>*f 


m </ 

A 




jjbjLS 


(^ ow _ \ q+S) 

4j^]|j AAjL^x jjx ^c^b ; AjIj^Lx <^3 jjbjl£ <Jj3j 

ojja] j ) o • )/A/\ £ ^3 .aaa Aj (j>»\g- nVI 

) eLiA]| (jx 1 O V ^ ^Ic. ^3 ,(_y> jAill j» jj£x Alijla 

l^jallx (jl£ . 0^>LiC. VxaLiAl (jx ^3 (_^Aj (bjxjl 
dljAJ^X jAj jl Ajjj dl!il £JJ (jc. Pjjjj V lixJLa 

^ ^jj 

o^)xllx]| JjJl^)x j)l£ . ^ uu*l3l Aj3jj b-<. jjAj (Jxl 


A*j j$3 tdVlal-sVI jJc. ^jJc. Idldj tdb.dLl^jl ^glc. Ida. Aj£]j aLL*A| ^glc. Lux 

/a^lxll aJl^A ^^.j^ll c_lVl 

(jx j" V' .a'i-v-S/l ^"Xj ^l^jVlj bllaJlj dbjJabjlIj L_lla]| jjbjlS (jjjJ dj 

^3 <vL jjall Ji^jtx Aliki _ Laic. V « (jilc. a j£J j A lx £ o jjUi jj] Ail AXlall AjbLxa. 

Al jj3j ,1g » all pLiSj plAalxl dll jdu ad. 3*J (j£lj t (J> tu - a _j^L *LbV j ^cJjLi j)V jj^Lia 
.bjjjl jixx ^jAc. jglLilj ^Ljjallj L-iUl ^3 (dJj l3ia 
«lxjjSVI dbjii ib y,y ^jl£ (_jLll tjjjllxlA (jj^- lAi^ilj j< . .'I <■ VL.'I Ajjlij i^.1 jjlS 

A -> ua ij jjil^ill jA l_Ujx]| (jl Ly^ Ajblc A_uiljJ ^*-Jj . AxaJlax] J j i_iaL3 

t—iLxVI (J*-?- I^)&\j 1^>I >' pj3 _ (jAa3 (^j ajLui j^\j (^ylj lWJ L>° Lp^b^l _jni.1i 

,ljl Li»ll i 4_ilc (J^U 
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jjc. aj'-Njl 4_a.jAlLjj|j (_ji 4 jjj LJIjjIj jj|Ajl£ lc.A l 0 V O »lc ^ 

. lAaj ^juLi ^ 4_j| ^j^■> i 4j ^juala ! I^ui ^aVI (_5^J (jl a^jAali _ 4_mx£j]| 

i Ailjjl (jjj 4jjja Aic. A_^_j^i jjjiII jjx (jl t_ijc. I o £ V ^alc. Aj£]j 

; 4_jIj£ ^^3 ^iaJl (_L<sl£ 4 ->.-<.11 aAgu .lA^Aiijj lg_J] (J ^ i_J^aSkui (_jl 41-,1 Jag, ,1 ij 

lS Jp' u 4 ^<■ jjbjl£ ji ^ jlU . ^ o £ o (Ars Mange) fO^al l 6^]' 

^lallj 4 _iaI£]| (juaJI jA (JjVl UjJalc. ^ki lAA jji V) 4 4,->jTill 4_Jj 

Lula 4_nj*^j]| dlV^l*-^l (J_jla. (_ 5 ^j ^iLjaVLj _ dlLaiaLLa]! ^2 4_la 4_aul^)]| 4 Jj^j]| ^ '-^ ■ 

\ gla. 44 j«jI^ 3| 4_a.jA]| 4jjsL*_a]| (J^. Ljaal L_lli£]| lAA Aaj 

UIa^.! 4Ajujj J& L " L'^ 4 _jjbjl£ alaAj^al AaJ J& ^ 

jj£aa]| 4_iLj£ ^a jjlajl£ ^LlalLul Ia^Aj _ (IoIIjjIj ( a-q a^-o ^c_ij aaj) 4_l« L/aj eiil ^aLui]' 
4-al*Jl (JjlaJl Aa.1 j (ji ^gS c£l].Aj ^3-iC.lj (jjla.^)]| jjjAA t_iLjjj£l ^]l*Jl ( _ s -lc. Jjuil (ji 
jjj: julijja ala j aLo Ia^.j jjjaLouSI ^aI dllAj £-)aIj 4_ic.Ij^]|j a jm^MI eliV^L*-al] 

Jja Aaa ^ jAa*II AlAcbll ..<1 Jjl Aaj Ldaii l_iIj^]| Iaa ^ V * * <_)ja 

tjjuujja 4J j^a AIAC.VI (j-« IJjA^ Lc .jj tiiUj (Jili. tpAjij 4_i]lkjJI a!ac.VI j> jgq.a } 

^4u£^a]| ji) 4uAa*Jl A|ac.VLj ^jJl aIac.VI oAA (J!La ^Laull laAA^.1 

_t_JLkjd]| AA*JI J&J J^ i—JLuJI AA*JI jjUu A3 ^Aj _jAj 

oAA (J£^o IgJ 4_iii*£j]| (AllVAl*-<i]| (JjjAaaJ (ji 4 A 3 U Loja 1 (JAfi AS3 lilli ^aAVIj 

/aAjA^JI AlAcVl 

\ 4_1jI ^Ac.|j jjju ^ 4u^.jj duLa AA3 l^g >al^llj 4 uaLo jjbjl£ eLi^. dulS Aa] 

iAUa 4 _^a 4 jj^)C. baIsiJI eAA (j£j jJ ) A -\ >>»1 ^11 L^jULiiJ Aa^.j 4 4i^.j^] ^ji]| j_)aA] 

A ■ag’il ^ J . (J> xall J^a ^^>3 L-^a] (jA]|) All] jjl£ A3j .^AgJtJl 

^dll_jluj £-l^)ll 4ulij Jja iAUa jjl^J l a °~^ «a l ^ < s-<. d'Lir-I t JiaJI ■ uSk]j 4 ^‘s-v ^ll 
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XV 

© Viete ( IV? lot* >. i.wi 

0 _v_ / «♦ «♦ 

C 5 ^ -^C-Ijoj J§j # ^ IjjJaC.j LloL^-o ^jl£j Laij^a ^JJJ3 (jilc. 

c‘*Uxn\ Clilj^Ljjll ;AjVl 5 “^! u -0 . p,jW ^ *v : ^ jL ji^Vi AxJa Aj^^. 

ji^Jl l_l^j ^ (j^auo UjJj ^j-a L_lAil! oAxj jg hj \ jM j^qj^s !>lc.lij 

# A-Jj Jjj-a ^11 ^jjjLil]! 

; <jl£ lil <j| A’lh^Xa _^A ^Imal (_^ 3*- 3 Cljl! (j-a 

aj=Jl/ 2 , a 2 = ^J{l + a 1 )/2 ,..., a n+1 = ^]{l + a n )/2 

<i* 

cij • a 2 -a 3 -... = 2/71 

^ia .AilliUI dililLall jA ^'Lia diljL^j] ^aI jjc. 

a.ijl .il.iC.Vl A-lmlm (jlj A^JL^a A-iliall (.. Ua ill dljjj 

l—U^. U]j3 jjjj . La (Jjg -s-a j|j£a lAJilj ( _ 5 Lll A-l]liLa]| jajlil (JLLaJ ^ 5 -lc. ajjlii La (JjJ^. 

Abl*-a ajI jjc. LLi (J£i V y = sin x : chilli AiAiS (j£-aj y j* x Ajjljil 
Aj jlaii i Ajl jA cs iua J-aC ^ Ajjlia-ll (ji jjc. ,Ia jjc jl y = x~ + 2x L&* (_$ ja.I 
^ajj ^Lu JaJaa^aj Aliax y = sift X AljLcall jliicV AjJaJjc lalil £cj 3 . ailA Aj9\j]| 
_Ajj]ia]| £j| jj]\j i_ij*J La jjg l-i \ ^jVl alilli jl^3 . jJJ AjS <_)ilij]| 

(LiLalijlc.jl]I ej£a *LiiL (J_ Napier) jjjL uj^- p-^i ^3 AiLLa 

jjx jiiSJI (jjajiAi^ailj ^Lal*Jl ( _ s -lc. dl^Sj A_l<aJJjlc._jl]| (Jjl^JI (Jj-ajli]| jaJ 

y ',a-» A\ 2 ciiLLoi^Jl 

t"grg iail" AiLiS ^ 1 ^pLull a^J dljl£jJ ^)Lij ^ Laic. t jj>a,a-L (Jj 3 lillj <J£ L*l.W 
La i Ailaji^i i L Jalll liA ^.am ^33 _ A^iUaj LaJliiiaLa 
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© 




; ( ji) la. AIjLjJI AjjliLa]| dlliilai] 

y = /(*)= sinx 

; 43^1x1] ja. xa£ 4_uujjlc. jl]| djla!!^*!] <■« lilliSj 

y = f( x ) = i°8 x 

^jJalj^)]| (_Jjlrvj]| jA *La,1q’i.all dlLijJalj^j]| ^ja j»Ia ll ill IjlA (j-«J 

Jj^LLall) (jlc- 


XX 


.. < .. 



Y^g-uAj^^uS IfrauJaj ^all a_±j|^Vl AjL.ua jA La 

4 lj 12 ^^LiildL^pj^a ^Lnxljj ^a Y AJLuail (_J^. <jl ^jA^)j (^ 

QjfL CliHall ^ Ail cjA^>J @ 

Lu^-a Lie = CilLall AakLua -(- ^)j_jll C Q'i 

■ x Ls' Ji L> 6(/ + 2 2 + ...+ X 2 ) -^1 j' @ 


^.Lel ^all ) AjjVI AiLu-all dli^)j t j L-jLxiVI Aa_jJaj (J_^. c c_jLi£ ^^a 

^ ^jll ^^Je (Jjjb^aJl (JLu^.1 jA La di\^>>a di!^j i^il! q a Clal^a^. d^ LS^J «Lo "(W^ LIja. 

? Sgi tJaVl (jJJj* 

;AjjVI AiLuall Ciijj LJojI jjhjl£ l_jL& ^ (6) 
4(JsVI (^gJe 4(JJJj-a J^£-a ^ ^3^1 LS^ (JLu ^.1 jA La Cal^)a CIj^Ij LS^J iic- 

5203/23328 J* U' U£ 2/5 J* ^LLk Llj^. jib J£ ls L^\ ? Jjj ja 

?£ * LaAJjl-l2fc, (jjiic. Ls^j ^ * ^joiSj L |AjjVI AiL_a-all ^_^xj LiJajl (7) 


|4_jjVl ^aJLuixJI ^Li^ ^gi (§) 

dllLj ^Uall ^jjxaJalLuiJ L 9u£ _ Ja^a AJaA_ul_jJ £_Iaa (J^^) 

^gic. ( (j;ii^.^)ll (j-a ^1 ^-a t Aic. <L-aiia Aa^.jj L5^ (1^ S 3 . U ^. 3 J Laic. 

.(jjaLiall 

;A_£iVl AiLuo-ail CliJjj Ulljjlj l_jU^ ^ Ljajl @ 

L \ f\ _^jLuailj ^>g. nj Laaa c^.lj c-lcj ^_^.^<ail ( du^ll ^j-a j/i\ Y £ (j-aL^-Ju! Aj^Ij 

?^)!ii ) V j G j V Ajt_ua Aacjl Aj^Ij Ja^a ^a^i Ijj dllLj ^Lj^i^ ^jj)a.jLa'u*ij 

YIa A-j.V^».ll jl^cVl A.jAi^Lt-ail (J_^l^. (jl^ L (^) 
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XVI 


♦» ♦ » ♦ 4 4 

AjASLiJ 1 . 



© 


k<** ♦ k.#d 

«««■! 


oj)\ JoJ dliaj Jjjjj]! A_iO*^ ajU-aaJI A 1» >u A_ia dlliJajl ^j\\ dl3j]| ^^a 

ojL-ia^Jl oY <Lalc.a (jl liV Vj .^ic. (_>ualjai]| Qjall Aj-g-^ t5^ C5^ (_£^>V 


AjjUjJI jl*Jl (jc. A^IjIaII dlLajl*_a]| ^ya AljlgJl A_La£]| l ^lc. t^.i.ul'lj (J^uiJ tclUlLujI 

IjjjS ^jl£ (JlaijVI laA jjjLj J AjVj laA Cy * f 

j ^ ^ ^ujoil La-a cl_k^JC^ A j Aj^L^jj 4_UjjLiioi * oaajilLa dAj^’i*iui 


l—l^)iJl ^ SajUjill jl£aVlj ^Ja» .a 4 -r 1 ^^'^ J A-LalaJl 

! A-U^V^ (jL^Vlj aAjA^JI jl£aVLj iji.1 j t IjjjjI cf® 4 ^ic. ^aUl Qjl]| laj LiA 
jjjjAj] 4 ^-ajlj-^l 4_Lkjdj£]| jiAac. Ij3 iLall jjjjljllLjJjj^}Jli 

*UJ ^ysljj 4_ud\ILall AjjjjjVI ^aVIj 4 AjilalLa ^ <-~~l\ qqi..<-ill (jj.viaM 


l j».>qj'N ^ *IIJI (_JjI j.i .1 jj^ilaj’uu.allj » A_x_uiljdi]| dlljjY a ^^)4- a VI 


(jaJj ^a^jajij j-«j i Ajja^JI j±iu&u> olaj jjjjjAilll jLic. (jl£j . (jjlj 


^j]| ajI Almlm Sail aa ^^ajlfc j»LJj (j^j . AcaJl*JI dil^jjVl VjI 

(jl£j _ jjjUjaiL^VIj y£-\ >u.all (“V £3a] A-\>>I <1 Aj| Y 2, 4 . 'Ml Lg_ia l_L-aj 


aS^^. t. iu^aJ Ajjjljii lY '■—jjiJ a»,'ij,i,n 

^j>i.a>ull ch 4 " ^*<4* 4 (_^aj]_jj]| t5 £la]| jl£aV AjijllLa i^lla .^%3^ lij-aj 

lg_lU l^L-ajj Lajj ^^a lg_llal i Aj>u«a>ull Ac.j/i-N/ill 
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(jL Ijlijj 333 . 3j 3^JI ajliaiAJ V jx-uia (jl£ (_£3ll tjJJlc. ^aI . ^ia3^>A 

A t _ 1 . >.r- t. _ ''■vlji ej£a]| 03^1 4 aC. 3 (jc. ^^lajj 

(jjs]| ^ liiii 43i3ilc. J4^ ^ jJL ^)£3 j ‘ JaLuijll ja^jll l3& (Jja 

(jjill 4 _La^IA]|j <iLal*Jlj (JjaL^JIj lilliA J^-la La£a .3 ^/Lia]! (Jj 3 £j|^)]| 

'''-n ^ya 3j£-i j i LiA 4 ■ uij ja\.. 1 t**vW 333 t ja*Jl lag] 3jla*Jtj i_ia|3a]| *A»a 1 j» » >>4.1 
a W j i A-ij\_jjJI 4amlaJl j 4aLt!La]| c 4 £LaaI|j. 4_ila*Jl 43 jLa]| (JjLaa]| a-ia^ 

jl (JjLudA (_^l ^ ^La ^3 dlLa^i-a ^ja i^lljA 3*j ^lj » S3 j 3^. 4 -x Vi t ^ C-jJLaIjj S3j3^. 

(jA 4^.j^)JaA (j£j xjAial _ja 

£jLa]| (jjall 4 j|3j (jjJJjjjVI jj^ljjllj 4_Luiita]| 4 a~\’iM (_£3]| ^alUl _jA l3A (jl£ 

^Ajjc.j <JI£jaIjj (J1ijI£j3j Iajj3 (Jja t^uic. 


© Pierre Fermat 


(\ 11<2 -U 


^3 IJ)4aa UaLaij ,*ig >m 333 ^aic. £jLa]| qjs]| l&3g >a djUaLjai]| 4aLja)/lj 

oJjjaa 4_C- |3A (Jja 33 j _ k" \1 J , >*1 k j\l ^ o j ^illl_i 4JJAXMJ jj^AJ dlLljJal ; 

.IajjS JJ4J a^-Jjl jjA 

tgi lU^J (Luijja) j_^J^=> C5^ u 1 ^L>“^J LaJJ3 jl£ 

jJ j$i , 4 jI j$£ -Laa 4i I j3 Cjlajl CjLjaJaLlj]| 

4 jc. Jta 33 J .JjajIIj ^aJ^J ^a] killilj Ja 3 (jjA I ^>Jlj 

4 m 3 ig II ; 4 _Jj 1 ^j]| 4 mYig 11 4 jIjS (Boyer) 

;La& jjAijJaljj jjc. (jjTiV (JilmA r-l!u 4 aLL>aJI 




XVI 


Jt/lC- 


.AjSjJcVI Am.Vlg lb .a ^»L*_a ;L4 jj3 • 

<U^jSx-a]l jl£sbU 4-uJal ;j" jl^sVl ^^3 iS2 t —^i_yualjS ;Cjjl£jJ • 

;LaA ^jxL^jIaj (JXi. jl.iC.VI 4-l^jlaj Lajj3 JgLal 
jl£ \.J»,J^3-a Ijjc. fjl J Lllji liJC. p jl£ |jj ;'e jjj i„Vl Lajj3 4j^)Iaj -I 

. m p — m Jxljt .i^i p 

^jJalj^Il ^CVumI 4fljiaJl oJA (jlA^jJ 

iC-llmVI ^ tjjjjjjlijjJ L_lLj£] Aj<vIj 3 elj!ii ajjAII Laj^ -C_J 

JL tAa^jjll (jialA ( _ s -1c. L_uS -|- y~ = 4jjll*-a]| Jf. ojjyaj 

(jjfLi Cn^o j£, y, Z, J- 0 ^a-ja .ksi j|jc.| J^.jj V !cs4j ^ 

n , n n . <-> 

x +v = z , n> 2. 


tlgjlc. jjlA^jl] t4 j„>i ja£ LajjS 1 g »>>»j ( Sjgfll LajjS <—l3^)C. ^1) oJA 

l—fijc. Lajj3 (jl i_ya _ (jjjjLuiLa ^Laxafl L_l*^a]| aXmAij dl|j ^Aj 

; 1^j1c. (jA jj jaa <_£ja) jIjcJ J^.1 jj-a Lai ri = 3, n = 4 <_M Lh 1 lM jJI 

n = 5 <J=d Lh 1 ^11“ f»V. (Legendere)j- i ^ • 
n = 7 JV V“ ' A r \ (Dirichlet) jjj • 

eLnU ^ ) n < 100 lM l> ^ A £ ^ ^Ic. (Comer) j *_£ • 

. (jljcVI 

. n lK lM l> (A. Wiles) j^'j ■Su-^' o* ji ^ ^ ^ 'j^'j • 
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(jilt 4 (J.j-a VI 4 I 1 jl£jJ 4_}il j 

d*-J 4 j^]| j duLa JaS 4 LaJJJ 4l] jiia 
i^g 3j 4J| Vj 4 i'U's j (jSla ^3j AjJsVj 
(jx ( (jjliA ) "®Lij (jjj ^ 1 V o ^Lc. 

i^Jj-a4 Q* JiU <Luiij jAj .aa^j _ 4lLa.aLi. 


A^.1 (jA j Jc 4dl^)aj 'Jj tjJb-aJ V dulS La^-aj 4 Ig.lj-’d (j£aJ OJ^S (ja La 4_j| 4,-yjTl Jl 
(Lja Ula ^)£al ^ 4 a i'a-<. ll ^J| J ^j_ia, : ~,H 4 a , ,-.L aAjc dl^Ja LiA (_ja 4_LuLili]| 
4JL^. J iLLa ij\j Ssk | \.j4 >»Ijj Aiy\ J ( _ s ^c. (jLb^jLl IjJjl^ L)- 4 - 4 41 jjI£jJ J& 
(jl i jLa j 4 I& j£^a c. o^)L]l Li,,-, Jalij djliLoxa ^jLdi o jLa lg ia■ >■" M dj| j y^-j" 
4 j» L»all 4 mYlg ll 4.i*-J Laja 4 dj^Ja 4 L>~\ £,^aa] _ 4ajla Y (_£jLdi djl!La]| Llljj p ja-^a 
t." U~s 4_lj^}^]| 4 mYlg ll l-A.i*J L>°j) 'dajla Y jja Jal 4 " ifiall Llljj p ja^a (jj£j L ‘~ 

4 g ~N c (_ja ^ |j_j^_ja 4JVI 4 _ 5 ^J 45^-5 dllil _ ^4ajla Y (ja ^}j£l 4~~ ifiall Llljj p ja-N a (jj£j 

_4jj£a ^1 ^jjC.ljjill dillall 4_aLdal 4_L=aJJ (ajiaj 
odulj Lij ^.ic.1 jillj 4dlljUjjVI jjajdajj djL/jlsiall ^^a 4 jLAj£ i_)j ^*j ^^3 

lg_ia 4_LlgjiUI a^Lall ^ jj£I 4 qjq-s dlLiA (ji LaLaJ LI ;<Jla l : 'U^ t 4_ilgJ^UI 0 j£a] 


4 4M.1 Ig II ^1x1 ^jVl jjajaVl" |4_'ll^ jA 4 4llL}jJalj j >]| J^a 4 l*ili J^jll 4 _Jj£]| ^a! (ja LaJj 
4la-s j ^Jj]| 4ij*j La (J£d 4'''4 4llLuld^.yi j»jg ^a I 4 >a.1 ig ll o4A ^olialj " 4jljl-sMI 
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XVI 


.aC. 


(jjJLalaLLa jjJjja-a jpi 4-i 4_LaUai]| 4 l.aVl (^Aj) 4jjjl£j.i]| l" A^H^V I 
qa (_£ jlm-all Jalij Jiajj y dinar II jj^>.al _^i.VI <—ia^)aiJj X <■" A mu II jj^-aJ 1 .ag La 

(j4j i cjt/ic. ^^iiJalj^)] Sjj^i Islsl ,_g jimJI jgi4l I^j ^cliaa .( (yc, y j 1 *A./Aj!i3l (Jild 

; Ajjljll 4_^.j.i]| d^Ala-a ^J-a-s jjl > ^iLa jjJJ .333 - 4_ijJalj j )]| dLajla<_a]| ^gS ^))Vlll i ^Jau 

F{x,y) = ax + by~ + 2cxy +... 

LuLu u' 

Jaata3 c 4 1 1 .->' a JaUL (jx dll JaJaA -a 
Ic- ^Ja3 jl ^}j|j.3 jl 4 a V 1.- ^ L3a^li-s. 
Ig-il i 4jisl^a jl aAjlj jl V-aiilj 
(jij (_J4a .ji 4_iJaj^i_a lc.^jJa3 ^ Iiai’l 
(Jj 3 Aajli Ac.|^)JJ f_jji jjj j] jj| lg_uij3 

4 n n Y % % * 

CS"^ C5^ <J3^° ^-9 J >*-‘ 1 (_5^ Alii (jl (j^°4 tVV(J£ji]| (glc. t4 < SUall (jl iaa.V 

JjL (jlj 4_lj)ia 4j^)j| j ^Luijj (J^lall !■_ 'V ^jJaiuil _4jiJalALa p jl^glc. (_£^aj 
.UaaJI jl (jjalfil^U S/L?-a p.3j ili t 4ajlo]| a^laJlj dJluJl pjLi]| ^Jalaj .lie. (jdtj 4_ij 

(jj£j (jl diljl ^-jll t(jjIoLlj£ OJJ-aVl t—UjAj] J^£ jlul < _ S J] jslua 1 1 1 ^alc. ^ 

4_il^a\j (j£Ll jJs dn3jj]| I^J 4JliAl^£ jpi _ Llajj VI a. 4_uial_aJI ^^3 (_jujj^]| 

jalji Aai J_gi djl£jJ J_giJJ J^j\ JalajluaVI Jjj (glc.j 4,-dll /ojj-abu Lalj^j (_)ia3^)]| 

t I VI ^al_C- (jx <al*ixail 
(Jj-a3 ^gi t_Sj>aljqll djl£jJ (jc. ^Kll d 
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JHujL 


La-ljc. AjI ^jxju! j 

ALojU ^Lill! A-llc. L_l^.jll3 Lollc. £.^all 

! All ^C- 

Sjjlaj Ajj^)C. ^jlL ^1 ^jSJ AjjJa^}i]| 

(jlLa A^ip A_u-a^jaiJ (j\gni La-ljc. 


A^_^ ^j-a llj c__L-a^J (jl£ # p^)LJl L_ul^]|j ^jJalj^)]|j L-fljjoilplI (JISjojLj 4 usi~\ /u 

?<_£ L* LLJ !cSL>* C5^' (J- 3 f$^3j 

^}-a j Laic. ) 1 o^)-aC. j 4 axi.V^ \\ AlaC. I^J • (Jjfi JlLuAj 

;AjI jl^J] 

Ai(JIS jojLj AJi ALajJa c Laic. ^ A a^aC- j ^ll*Jl ^^9 L_J^jojI^. (Jjl ^JL^a - ) 

lg_la l^lg_^. ® * ^Lj ^‘ u -^ Axjj # A^o-ujIj 

J jx-l A_i]]j 4 g-jLull ) JJ lL^ 3 JJJ -JaxjJall ^jj^LixJl o^)-aC. -Y 

;^A j A^ojoiL Aij^)*-all -lajuJall 6^.1 j 

2 

1 Pascal - 1 Newton An 

.SlLj 8.2xl0 ls ja (_ho ijVl u jj j) ‘ Jl^Jl liA t Jlij 
^Ja3 4lLt!La]| (JjLuiaII (jJaju (J^ ^a3 j t“'V' ^^ V1 ^lc. ^ hujij^ j_^pi JUU -V" 

dl]!La]| ULl^.i <il]j (JjfuJ ^ ^.’fVij.i.il ^3j _ (jjj^lLall t-\^ya^\ J L_llla elij 

.(JlSjollj C ll*^ 1 ^ jj]| l_ij^)x_<i]| t JJg jujil 
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XVI 


J 1 -^C~- 


^jsmJI ji jiLa A33 ) C_l^)xJlj Aji^Jlj jadjAall <_Jj 3 jpi d]jA]| |AA l—ijc. 

ji u *jj ‘ (jlj AildaVla t JI£jo.Ij j£Jj . ((a + b)" jIaIaII jjij] ^AWn yi 

; jjA jl A^La lg-3 Jpsjj (jill lW 3 'jaJI _jA ft (ji /c (J^.Jl<i]| 

C; =C( n,k — 1 ) = 

2" jA ft j 3-iml l (J^IAaJI ^- j a -n a jij 


K k-1; 


n! 


k!{n — k~y 


Ajj*JI dAl£j lgVic.1 jc. (JI£jjjIj Jjj^. diA.I ^j2l Iaa ; 1654/^ V JULuiIj 

A_lj Aic. ^A ^LaIIj Ajdallj 4SjaaJI (ji (_ s -^.ji aliii AS3 j AjjlgJl ^3 Jajd (ji 

AjLaI^A dAdl A3^j < A_LujlAll j aAliLaiVi Aic. (_pu]j (_ 1 i j ■ .1 A_lj ^aJAl^}j| 

llaj IjiI-wjj d* jJ^JI eillA (j-« Adalj jl 

(jAa^siJ Aj3j Aj*sj>iia 1I aAjiUJI Aqjq-s jc. ^alAj "jl£ai "l_iIj£ jA j aJ JaC. _^)di ^ 
AilA^j dll j3-ts Lai |2 iIj jLajVI jA ijLdjJ t AaV ji^Vi ji Aj 3 jjjj Luialjj UlAjJ 

j£j jJ IaI . (Ia^. I j j» . --I g jjfLj • 33 ) aJVI J ' ■ "X l s > 0 j^J : ( _ s li (_^3 

a jA jA iLIjULla (jAj lilLii A_id (jA ^»c. jljj AiAic. (J —£ _]' |a ja aJVI 

jl£ lijj , (sjIxaJI ba^Ij ) ^ jjUji V Ig-ii (Jiilj aLU jj^j jl jli ja^l^ll 

jA 2js (JsVi ^}Iaxjj Ia^. ij.'latj.ai I—S^au Ailj Aj jpajj duij iA^j^._jA AJVi 

; (_gdlljll (JaVI j 3 V iLIIajj t ~aAl x >all 

ex2/e-7x(7-e) = 7 + e 

edjli a A jj AaluLi V dal J ( 2 — £ (JI a1*sVI ^ A.31 V jlS lij (_g^ii A^^. jA 

jLajVI (Jj aJVI IaI j _ ^aAlsuA aA^.j ^ ^ jA ^JJ^I (JajI j^J -ll^ 3 ji di 


179 




(J-aSn jjLajVI (JjlLa (V'I na*s) ^j|^a aJ\ ( _ s -1c. (Jj-a^J jj] liljli 4_J 

;illlj (jLojVI ^a^aJ t _ 5 jJaLl j >]| 

(l-s)xl + £XO = l-£ 

a!^] jjLfcjVI (jLudjV! ^ xAVlVl ]_ -\- g > 1 — g (jl LaJ 

o 

1&J3 iJj- 4 ^ A l3-“ jLalt ^qu a-a ' I <_jALo . y = x~ /4 p jxiaklt ^ 4-kkj A(x, v) ® 

L^l ) Jaaa SAa-tj 4-kkj ^kill gi!>lj ^rtu ai-a ' l jlS til x/ 2 p LSjW^ m jW ^*' W 0 J^ 3 

_^L^jLo-a ^j^La La-ijc* 

(jp- f x, V ) 4-iaii <_£i Aj U riaa ^ l L a a .Ja l.g.Wi ^j>a ^j^fLa L5*^^ ^_-/a^.'..a ^) 

. * (1,0) J] (x, y) j)-a A3 Luia 11 l^all liLja-a (-10) 

2 ” _$a (JI^jjjIj d \Wa ^a ^a ^l^c-Vi ^j«q>^ jjl jjaj (^) 

.(jljjLuUA (JlfLuAa (.“ \Wa jja ^)Ja-uiil ^ fi^.1 j AiLui* jjjxsl^l j)a«a9^)]l u' (^ 

AijUJU CajlfLp l^ac. jic, AxuiSiA aJLua jjjajlajall ^tllc.(5) 

x 3 — 2x 2 - x + 2 

y =- 

£jlall 13 a jjlaJ ^ujjl. (jJjd *^ c ' ^ a^Ia. A_iaA 1 £j\all 1-igJ j)l£ *^J 

£^aill .1^.1 Aalc. ^all^ Aallall aJLuiaII (_^. ^3j m C—2£\.xi\^. y £\ ^Ic. ^a (JliLuAa (_j-ac. (§) 

j)C- (JiL V JLu^Aa Ixa 1 (J^-^jil cs^- ^ga^. ^axJaa (jl | 

.AJLuuxll ?c_kx-aill 

p (jl£ laflj^ lajufla Ij^c. /71 j l^^c. 131 I’a^jjju-all A^_k-a ( _ 5 3c. (jA^)j(^) 

m^ —m jl-^^1 lUIj^ 
(m + 7)^ = m^ 7 + tp + 7 ^ ^1 jaa^Vl ^l. W^ l ;Aa^.jj 

jl AjjLall fi^A Aa^_«-a (Jio _ ^ndalaj (j^V'vdl l^a ^ala Aadala^)ll ^jlaill (Jdaal <jl Ja^.^\a ^) 

# dLl j l.g.x>ijVi 

^Lda^j Aa!!)lc. cJj3l! 13 a ^jl (Ja J Idil (_}Ltll Aa^.qj V l^T^ uilall ^jl *(Jj311 (Jl^ujlal ^) 

?CalajJala^)il Aaa 6^-allj Aijjdiill ^a lafij (Jl^uila 
La (_}ic. ?aj*-ac CaLuiala^)!! aj ^a ^c-Luj ^a!Lula] 1 Ca^jl^jJ tild (jl .Vq'ix ') (Ja(^) 


.. *.*(■ t •« 

tZi^fll a. a4 1 
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xyii 



O Newton 


( wrv.ntr > 


S V Axjj AiLi^ ajc. (jlijjj (_ 3 a.Mil aIj 

V <-01 J 0 ^j| CjLo ^)£jall 

Y) l_iaa ^“ 1*0 ^»l& (_ji .CjI^Imi 

cJ-^j (_j^»Mil (JjUs C na £Aji-> 1 £ 

jjjj jl£ aa] _ (Jjl-sMI LjIjIaj (_^i 4jt_a 
u' -^j D - 0 <-)j' 

CHAH U / \ / \ ! \ 

\ , J'{x)dx = f{b)-f(a) 

U Jj! b ^9 1 A^ijl j )\\\n V (J-oc. c 1 ,og ‘ic- Ji!Lai-o cJ^juaj cJ^j 4 Cjis^ll ls^-J 

C'\\^ (jjAaJI jA (jjjjj o_)aji 

(7 + x)" -1 + cijX + a 2 x 2 +... + a k x k +... 

. a k J^aVl (=4S Aa.jj 

(jjjjj (_j_jjLa (_ 5 ^C. (Ji.^»-> I L»,jl)-a lAAC. Yl (jj£j LaAjc. 4j| IjA -laaL5La]| 

lia (j-«j ) 4-uAlaJI (_^a o^)Jg mj (jjjl j3 oAc. 4jj L>iji (jjjjj (J^E. 

jl (_^3 (jjjjj (>Llajj La (JLaJ 4iaa-aJ JaaJl |AA j _ 4 -L <s\W 4 . ^ 

4x.J jmI] (JjjSA t ~a.^>j£ (_ 3 ’i > a/ill aAaJ.Mil A33 . CjUiImmJI ^lAaJjjl ( _ 5 1& ^La 3I . 4jjAlaJI ^ 
0 j'qua (j-ij _jA IgJ ajjj£ Aj^a. o^aJ |AA (jl£ Aa] _ 4_iiial]| 4 x.^mi]| L-aj^aij 
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t-^hll^Jall i <LaI-gJl 4j| jL^aj (jaaxj jjc. ->K~U t—fi JJ^Ij .lirnjlj dlLljJalj j >]| a_jlc. <^3 

.^aac. £aalj]| ^^a ( lillallj 

eAa] laLuai Jac. (jjjjj 4 alL j] ^3^)ial£ 4jtaL^. ^^3 4lac. ^ 1 ^ ^alc. ^3 

£a 4l^.j " 4 jIj£ ^^3 J i'j-N-i i_liiia]| i _ '.W* jAj j La 4~il j, -a ^ .4 La (jjJalj 

LjI lJj 3 4-c-La <■ L-Vi Saa] j>j3j L)^J^ Lajl£ ijjlgJja ^laLj 4_ic. l_u£ "S^UaJI 

.1 g la !■_ lll3-a ^ A*a 4-C.La £JJ (ja _jj£I ^giLu] (jfLl ^ (jJj-L O^J ,^- c '^^ ^iLL 

t_iLi£i t. mj (jl£ 4jV l>° - ut ^ jl£ ^ JjSj (jl£j ) L)^jaj aalic.1 aal 

!._ i3».\j (JiJa jAjI ; L>»ji Jla aaj jlj jJJlc. ^jlS Laaj) 

Jaj^all 'aia 4jtaV 43Aaaa jl 4ac.lj]| ■ aaII jLaaL 4aajj LJ ^JaLa ^^Ic. 

'(_gj)a\2 ^»Lal t. aau'i’sa JJC. 4qjq->ll jja 


Q Liebniz 


(wn -vu*l) •• 7 - : - 

v / ^ ♦♦ ♦« 


jjlS laAic. o jjI ^jj _ Lulallj ^ jluaiV a]j 

(ja Ijjjlma t4_udiL ^1*J 33 j _ojaC ^ja 4_aa3laa]| ^^3 
4jial^JI <_)i-3 33 j ,4jlaj 3*J oa]|j lg£jj <_5^l 4 i’i‘sall 
^Jc. ^33Jj 4 ajaaC. 4aaaLiJI jjaa ^^3 _jAj 

4j£]j ^111 ^alc. ^3 (j^jli]| ^^3 oIjjjSaII 4a^.j3 
(Jjlaia]| ^Jg qa ^^)Ja ^l*JI j_}aaj ^^3 _ 4La ^k. aa! jjaaSj 
jjjjjjV jjjxjII IgJili. ^ja 4ja]lfr 4 jl 3 Ja-al 

,4a*3ljll jl£aVl (J^ t> 

^j£J 4 ^ IV Y ^alc. ^ t^jaJjL ^jaLa (Jl-Nall |3A j_ 5 ^J j~iy'nV cJ-* 2 ' 

oAA (^3 (Jaia 33j 4a-slga jja H±) Jaaa 4 a-slg a I ^jaaC. 
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(_£a!I J^A (jLluUjS (JiLa lilliA oj/in -a ^.ic t_ijjij]| £ljj 4_j| Vj 4 4-a^-all 

.^wjjL) ^gi AjjU jjallj 4_i*Aal_j^]l 4 J] *LaAS 

; <lmlui3l p j-a-N -a ALajj <_jA jIj'i.ijV (jj^.jjA l-g^aAS (_gA^J iULuin (Jjl 


, 11 1 

1~\ -1-h ... +—- 

3 6 1 ( ^ ,\ 

n\n + 1) 


i(n + 1 ) 


4-- — 

V n (n +1 ) 


t^J 3 


]jA 4 LuaLuaII p ^ A A^JJ 


f 1111 \ 

2 1 — +-+ - + ... =2{l + 0) = 2 

(2 2 3 3 J 


^gje >>n (_^lj 4-Jjlsia ^JLaLall (ji lAlAjjj V ji (Jj-ia3J 4 4-11 ..-..all oAA (J^Jj 4 oAA Liolji ^gS 
4 ual i<all ^jij ( Ajlgi^UI j^j fl ^x xjj*i LaAic. aAA^a Ajlg-j 


• ii * . i * » mi 

. o ./nl ■ o _m i i i * ll l l 

■■HI IV 


jj^s^JI (JaiAj iLjJjS 4 jiliilV ^AViial 4 _ 5 J-ialj j )]| (Jjlvlll jJjlaJ ^ <laE. eljjl 
|AA j_j-a 4 —sLjojSIj <Lua AS (jlijjj (jl 4 —(j£j jAj LJL^. I g.^A-Vnui 

j»lc. ^s 4Liajjij 4 Iaa ^uIaj jjij (ju (Jjl jA JLa. (_j£ (JiLum (JSjujj 

I jjij 4_j| jlnjjV ^ (Lalla jlj) jjKjVI (jjJt^iU^I (ji a»J Ai-lj lillilj ,)lAi 

4 ■ aSiS Ul jftij 4 xidL] Jjjjj (JLaC-l 
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j3l JA (_g4 


dx W 5 ' dy j dx J) y^2i 

;4i£LtJlj l_a^)x-<i]| dy J S° ' "*" Cf~ t —aLlLaV jA j X (J ^2_jj _jA 

<fy = /(x4-<ix)-/(x) 

(jli y = f(jc) = X~ '\' I^LiS . jL.-ill (jc. L all's .a ^La _J-aC.) I >✓» jl 
dy = (x 4- dx)“ - x 2 = 2xdx + (dx)~ 

l—iyc. La (JjLa (jjfLluj Lllilj dx cJ(JjlLall j £jlj]| yljiLa (JLaJ jljlLall IjlAj 
|(Jjt’i.all jjJlj ( _ s Jc. £jla]| jjAj Xixjij jA X £jLi]| u ja-Lal ^uLa-cJL 

dy . _, 

dx 

. 2X (J-“LaAj| (J^a (jj’yim yL.-ill X <_jAL1jj LllL] 4 _^_lLij 
• ilj lr>a jl£ (jjlijjj <_ 5 ^ L>»ji a-l^j (_£X]|) _j» »«-tti ^^9 (^ALiLaiUl jg q.a jj 

jl£ Ixj dx cs - ^ Ljjc.UalLjjlj jl£ jjl (JeLau (_£xll i_ijmLqll 

2x J<".' (J^- 4 ^ i^s^' 1 <- L^ a LajJbt-a jjfLl lijj • (_£jLjoL) !LajX*_a 

! ifii (J j' Laji«-a dx (jj 4KaLa lilljA j! (Jailb jg.Ja X9 j ? 2x 4 - dx <_&2i]b 

1 r_l Li iJ Xn-v -2^ 2 •■• ‘ ^ ] cj^ Lh 4 ^*4 ^ ^ ] 4 4 K 4. 2\ oXA Xii] 

!lj>»^.nll IXA (JLa lgj3 jg Jaj V A ijla cs^J ^-4^ ^xS ( _ g lc- (Jjl^.'ill £aXaj 


(W oi_\ YVf) l£A 


; jjg >all jA yil^a 4_j La (Jjl 

(cosx 4- isinx)" = cosnx + isinnx 
. * = 1 4jL-L~i 1I aX^.1 j]L i_ij^)j«_a]| ll ^^A j c“ U^> 
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XVII 





dll jlaJVI <1 tillj J! ^iLdaYb 


AJIjILo ^3 3^11 3^j ;j-a (Jjl J& • 

"JaaJl (jjuaii " Ll3S lgj3 i_k]lj diVl <i'i->VI ^ JaC. • 


l < 1**1 VI (Jjl j&j 


Igr&j ( 




t! « s! 2 TC , 




v<?y 


^.ajqllj JQJ ~ 3598695 a Ijsa 


^liLa Ijj^] 


. 10! = 3628800 

j^3 , jjlijjj (Jj 3 <LaC.3j 4 jLLj£ (_j-a ^L. jllj ^>sl 23~^ ' ^ L 7~' 3s] 

Je. 0-°J ^jWMl i_y& 4_li.3 jJU^a jl£ 3a] .CllLiiJalj^]l <^3 ^jiLuij (JaC. (_^i J-a»j 

3^.1 . -JaS3 1-l.ajJ 0 (“'-y jjlS <Lalj| t jiljl C 5 ^ ‘ 4j] (JliL -( jj^alLa]| ^lluii 

.alj^Jl (jjla aS\ (jjjj 4£.Lai Y £ 4_i3 ^LiVl 


.0 Euler _ l _ ( e WAr_w*V) j £§i 

(JSj Vj Ijjjc. (\ xa ^ il l s^k (jSIt <_£3]| ) (J-aC. (jl£ 

^lS3j jjiuJl frlu ^3 dlV^j ;l g ~l.a V O Sc, 

dllalj^sj JjauiU ^g-jb^ll (Jj-aVI (j& ^gjLalc. 

;lgajlUj jjJasu jSij tt*ilj.>»'jjll 

J (jail J M V *-; i.W.a alij3l jjlS Ijj • 

M + N - L = 2 -^.j N j <-s ja. 

. = —1 43^51*11 ^ gJaC -l (j-a Jji • 
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11 1 n 

— H- j + ... — y + ... — - 

1 2 2 2 n 2 6 


A_LaAl ^^)A]| Ia^J (Jljj Vj . dlV j-Cill (.. I ^^)A]| .Axj • 

^)j)g LujLojI C5^J 4 jSj^ (JjLuiaI! AjJjJ ^9 ^9 C^ajJl is^ 4 ^ 

. (Optimization ^LJIaVI jl) ^2s\\ £ j^' 

olij (Nicolas Condorsets) j-^j^ 'l i_L^>j t jljl aLa. Jj^. t ^ 

j (J^ojA (jc. C'.Wij AilAc-j AajjJI £-a ^ im3U ;^)j3-imll aAg-j ^>1 ji 

4 ^Lill L-Ijjoli jAj ( 4 ■'» HI ^Ja3 A j£J j 4j«_a t . '» LI * ja^ (_£Alj A*Jj . BjLuxa AjA^j 

(jc. j 4_lLkjiaJI (jc t_a3 jj 3 aAj (jx (jjjlill lafl■ ■' LaAic 


Q _ (^ a ^ r. \ vri) ?jI £ 


aAlIj ciJjj (jl Axjj IjlUajj (_^3 aIj 
I^ejIjC-V (Jl9 4j»L-^aaJI (JiLa. (jx Aljladl 
."' s,s,']& 1 La] ^j^uadll JaaJl |AA V 2 
(jJ jl (^i a jlii] (JaE. I dlLuialj ^}11 j 
jpi L^ia ^,usi\ C n-s (_)jl ijU ^aLuj 

J^ljC-V /e^jjiill ^V-Ajl (JjI dnjl^jlajl (_£jLa 

4_±a. VdiLuialj^]| 4^1jAJ (jl Al£j aAa._jllj JaLi^iU AaAa. (jps (jAa^stJ wn. ^(^ 

4Laic- (jjjJic E ljjl| lAA j»IAj t A_la lg-a.lj^j AjaIjI (_^j]| jxjjAjjjj ojjij-a]| eUall 

;AjI jLai] (J>»» I (j^a _ (_ 5 jJalj j >]| ^HjyL AiiLaj L-AaJL AiiLa 
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hj liLJ jjxxi^ • 

(jla Ljjl p (jl^ lit ]<AjH1I ^ VV ) ^ ^jjjoiLj Aj^laj ^Jc- cl) -0 Jj^ ® 

.lo^^LS (p-l)!+l p 
; ^ajll-a (J^. 4_i jVI 4-lal*-al] jjl£ lj»jl3-a iaac. ;?J jjl£ lij ;4j^>iij]| duj| jja (Jjl • 

2 2 7 

x — my = 1 

^-.j/iit'i <_jAj) 4JamjiaJl <Laja]| ^a > o^)jg >ull £tj|^)C.V Aj^iaj Ijjij ^ xaij Vj • 
_|jlA liajJ i _ s ^- _Jg )Vi lg~ll.aJ.aiM (Jljli V <-_Ujl jJoa lilliSj ((Jjj 


O Pierre Simon Laplace 


(^ ^ Arr-iy*") yd jy* 


<1 (Jiixjjjjjl olj-^ll (jjallj aJj 

4_3Luj _ aJ_jc. <_Jia ^ I jj£^a ^^lili 

IjjlLiJl L)J^ UJ^ 1 iF MLS duj£ ;ejx jjjoLlj 

^3 l_iIj£]| (jl£j) A-jjJa^)i]l oiA ^cj^j <■. il^li 

dllj|^)iaj-iaVI jaL'^Lj ^’’?■•'*■ dlilS _ ^^Iljl£j^i]| 

V jAj jqi*.<.a ijiALall ^LlaJI (jlj ^3 4_uiL^j]| 

-cs-^ J L>° ^LjLia dlLaJ^sjJ ^gjj 

jj^aj jLii. jl (_^1 j_j! ^gja-aj (Ajjaall ) AjaLall ^gjj c_ijal >.^ljil^j^ll ^3 ajl£al dul£ 

a )-»^>l ^^a diL^a^a] (jjsj t. <i.-a(JaaJl laA lag I ala . jALa Jic. JiLi. lg_j j^jHII 

dllj^^-aj jjjjjll ^UaluU (jjj|ja ^glc. aLaJC.VLj 4jli .*>J» ill ^gjJaLall ^ La 

Y « Y O ^alc. (Jjlil (Jji ^ l ‘>j.a> Lj^-i. a J^-J (j^° ^J»-a iLLa ^jWuaJ |(Jjjlm<a3l 
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CAJ g ''I 

jjjjllg_ia (jjll eUjjaJI (jjjl j3j (jjiij V o^£aJ! oiA (jl jVI <—lu^lj a <_j 

^C-lLuj^lj 4-Uxajil 

jl£ l&Ajc.j (jl (jx i'ojIjc. *balAj»JLml (JllLijJalj^l] AjLaAi. ^>j£| (jx 

!(_jjj l ^£\ dilc-Lui jLjajVI 



Aoilii-a jl.lc.1 (7 + x)"~ ? _j_^oLq (JHaV A 4-<ua]| o' CD 

m ilua. (/ + x)'" jj-lail gjUii x" AaJt J^i C(m, 7 z) lj^ © 

iji ij*JJ .L» 

(m + l,n +1) = (in, n + l)—(rn + l,n ) 

: ja j g L5^_^' cj-^-^' u' (^) d)A ji (D 

(/■^) (,!) = ic(n,k)/ k V n ~ k) 

k=0 

. c£> lM (j* J^'j^ <_5^ 04 J,® 

1 + J— 2 diMlI j.laJl J*'j* (jJ^* ls^ 0 * L ®^ C -' ® 

p = 7 ^ ^ O -0 (_3^^ (§) 

£jLuill OjSB UOU-^I O^uJraLj^)]! O'® Oi^' QjjA^aLj^ll O'® -l^.j (§) 

?0ijjjJalj^ll O'® Qj^^l (_£^A 0^ 0^ UJ^ 3 ^ 

A*-^a3 IjLa 0^ (jJjlall *- Aalo^all jl.ic.VI O] ■ J)"l)‘^J V cJ^ (® 
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/aLi.jia AAaII c“n*vi ^3 _jjj£ *- <]*»» La (_)■ ^ylc. ^uAill (jjall ^3 

ji (JjlVill ^3 jl ^g3 (jl£ (jj c_ul_ jjuo3| (_j-q 4jjJalj_j]l jlSaVlj ^JAlLall ^Jj 

.aIa&Vi Aj^jlai 

(jl£j .f4_ilc. cs-^^ 4 jAj_)»j]| Ajxj±L ^ic. (jjall ^ 

Lg_j| Aajxj jl£ ^lll t(_JjAil]|j A. (Jjli. j_j-a jjjJajll (jjAaJI ^-lliLa 

AiSj S a aiaAil 'j] ^jja 4j^iaLaJl 4 al^aa]] A i..-, il i jjl£ La£ 4^Lil*a A QQ-»- a C#')0- 

.4_jjja t'I j jlS 4_aAase_S\ il.ic.VI o^)-a (JjV LaAaHuta (jjjlalA (JLaC.VI oAg-J ^13 

jg h'i dlll£ (■"U^t AAaII ( _ s -lc. (jj_JJ1C. (jjJaJalj^)3l (jlS (_g t>».a LajS ;(JjW lit @ 


^ AaJXJ jl£j (dA-jlg-ill ^Ic. 4 jIAj ^3 L-aj>/T\j) (jlA^llI ^3 (_J-^a3ljl 

4 4-llg-jjlll 4 JJ» ks-> (JiLa dlLal£]| dulS Aaa _ 4_iAajC. Ula^.1 4. I» (_ja]| ^ L_1 jLjVI 

(JjiI jlAyljj ^gjai j£ (jLallxll £^Aaj ^ 5 ^ .49AJ 4i^>J<-a _JJC. 4 £tll ... 4 4-llg-j 4 (^aUjj 
( jjsll ^g3 3ii.il] jiall jOjaill jA IjlA (jl£j . ^^jJaU^ll (JjlVil] 4 iL.-i]| (jajaiVl IjjA.1 


alC- £-ulL 


(jc. 1 All ^alc. ^ ^)Jg lull 4jl!La ^gJaC.1 (ja (Jjl (^A'W-^lg ) (_}al jiAjjl j U^ ^ll 

bLaluaa jAjj cilli (jl£ (ji A*J 4 Jakj (_^l (jliiaoj/l (_Jj9j y (^ill _j<a*i>u<a]| 

(jlijjll ^Ijj Ala ojahuaj 4-ala±a 4_ij^laJ aIAc-VI Alj j ^Axl 
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U -0 ^jj^)jj£Jl 4 ALq 4 (J-<xO ^3j 

Aj^)Iklll oi& ^9 o^akll C5^! 

# ^)jaic. ^Jajllll ^)^Jj! gJ 4 jjlijl£ <1 ^JjJjojI (_^i]| (5jlgj^UI a jj Ijj^. 1 t_ilJJE.VI 


© Gauss 


* 




^jlc 


( ^^ Ao o_^yyy ) iJtiSis 

e^aC. ^AiC. 4_laljj| ^3 ^jlc. jjl£ 
_JJ*S g.UaiV 4Al^Ia l_kjjjjSI LaAjc. 

IxLja y V (_£A ^JaLtLaJI p^LjaVl 

., JaSfl jL^. jill j a^Jauball A^AI^jjLi 
^jol! > 5JLuia]| bAA 4i^>ijj 

bAa] (jgjjc.yi (_>*»» j ela^. Clu^aij 

A i aij jAii (jlj ajJj-aA t 4li_jJa 


- la& i ^ya ^yujic. A*J . A a. ,.U\I ^Ic. 1 Jj^ia 4^aLaJAl (J^- (jlS (ji ^*4 t *''J‘ '**' ] 
l . " >1 j, >>1 >j\l ^pi i 4 qV^A. ^ iAaVL^a ^^9 p AjI AA3 .(JjiAja^^I j jjjjjj Axj 4_ilal9 ; 

<iljjjA]| (JlLa dlVL^-a ^3 4 aj)-iC- dlljL^j] 4.1 j oIac.VI 4_l^>iajj 4 mYlg ll (Jja 

:J5 A3 4_uiij jA jj\Sj . AAljjJalj j )]| jjaI ^.am.; jjl line. (JjlJ cillA ^ s lc. ally .tiLjlSjA]! j 

.d)Ll»Jalj^)]l liiia UjL.O i]| j ^ jlaJl 4^La dlLliJalj^)]! 

;4_Jlj]| 4 n >^jall Lajj3 £jJaj ^ 1 i ^ ^alc. ^3 
4jaJjV Ic.ja-saj 4ji]iLa A|Ac.| 4jiilj] Ic.ja-s-a (jjfLl (jl (JjiSJ ^aM.ll-a AAC. <_j£ ;Aa*^j 2 
£ J la-ta^-a IaAC. n IaIj . Ia^Aj ... 4 AlAci Aj^LI \z. J A y A J AjtJ^a 

a! jl AiiliLa^ n + 2 1 4 L_ilLaj I <• l^^c. 
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XVIII 




n -l -k 

2 

0, 1, 3, 6, 10, 15, JjVl «n-ll btt-a 

0,1,4, 9,16,25,.... : ^(£ d^ldl^jVl^j^lAlAcVb 

0,5,12,22, .... (° ^ J jV' ^Vl j 

dili aIac. VI (j-« n + 2 J Ift(jjfLi (Jd^j ji3-» jx (J£ (ji _$a La^ya dda^a La 

; ViLaa. (n + 2 ) < - ajL^M I 

79-7+3+75 =1+1+1+16=0+1+1+5+12 

AA3 .A-idjill oAA Jc. jjlA^jll jA A|ac.VI A-i^jlaj j4z- £-uiU]| (jjlll dll jLaj] A^j 

t>a JjVI jUJj]| (j £Sjn — 2 lM i>® ^J^ t5 ^ lAJ d 

!^k LgiA^J Jjjijlc. 4 .->jTi ^^Ic. aLucVLj .(_>^jlx- ^jjj Aj*J ‘GlLail AlAcVI ^J.a> 

.dlVLJl ( AJ-a> 


© Augustin Cauchy 


(^UoV-WA^) (jtftfgA 



4_Ujii^)i]| Ojjjll ^alc. ^ (JjlJjlj ^ j£ (jjlmfr jl a]j 

JUL, — Ijc-Lij LdLLa (jl£ Aaa) d_i£Lal] LaC.|A 4 j£]j 

j Aloise Bure - jji 'jd^ »jd*^' l> £ JX ^ 


4_Ujii^)i]| Ac. I jUL ^1 j (IgJ C5 JoijLaj^)]| jadll 


^ VLaa .dj i_kjUaj oAc. LUa d_ajli jjjda i oAjA^JI 

dLuAalj j >]| ij£. ^lnc.1 1 A1 “1 j 1 A > V (jjjLa 
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(4_La Jdai jl£ ji (> jlL ) Guliemo Libre l $ j±}1 

o^al £cjJa3 jjl Jaj Ld^a j_j-a l_1jA .333 llL . ( -»g ic. ^al.3 ^lu j£j (jjiic.jmjll 

4 jjjJI qa l_u£]| 

^g-1 IjlA j_jl£ (■" n^> > 4j L_lilia]| 4 ^3c. (_pi ^Ic. 333 4 j3Jj AjJliLa] l^lijj 

■dlj !■_ liU-i ojALL dljj£j La3*J ojljjc.1 Ja jJgJ laia jjl£ La£ .JJ^I *•. latlj LuiljJ 

4j^Oa ^ya (jliiL ^ja JoSS (jjJUa jl 
l^jloj£ dll jld] (j^S 

_4ij^)a-aJl ^ivnj]| 4_aja]| Aj^iajj jl^aluiVI 4-llglll f Jg 3.al (JjVI • 

t—ljlalil] Lg jl jllHI • 

Ia^jIj ___ 4jLal£li]| ts _lj£ 2jjLj • 


O Cantor 


C^A -UiO),J$*dla 


^j.a-s ^Jc C_1 


(jaiJjA (JliLal (jjjju^^ail 4Luiiii]| dial 
^->g iji jj-a) jjjdlijil jjdajj 
!^A 4-ilg.iiUl J ((jaijlc. 

lajJl 1 <_Jj3j jjlil£ (JjJaaj - dLjlaljj]| 

) u ■ ■ 5^ 

so 4_ilg-iiUI (jic. ALal^laj 4 ^ . >.lj 4 ijlVi ^ 11 j ^jl c-l Li ml Aaa .4-ilg-iiUl 

,lj 4-ilg.iiUl oj^a] la]I 4Lui^ii]| Lgjulaj ^^ii]I i“'l . djV-NM 

_o^)j-al*-a]| i**'l n >.'j^jll 
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Ahk'I 


4 Ajlg_j!}U! A^aU! ^Ul! s\)^ixa 4 Ajlg_M ^pa I^A Ai3j-<a L-lXuaJj 

'ajI J.^j ciu^j (L. Kronecker ) L«J^' l>> ^ v i 

t. ala'll ^]j A_ijaiij Ajjj ^3j ^ AA£ ^»lc (_^3j <LUa] A_ajlj _ Ajcal^Jl i _ '. -»'■« ^ 
.LuLaJU JLb ^gk u juiajJI ^g3 dlLaj IAjI ( f tj J£^) Ig-la 

JJC aJVLj _j£A _ ( -»g -aftlj t jjji.>»lj^)]| ^JaC-l (j^s AjL jjjjl£] £cjjIj]| (j^J 

lAla jl^)C (_5^ e ') AilxJ (jl£j . Algllaill JAC. AlAcVI dllc. jai^-aJ lillLS j ^gVl-all 
jjjjJI ^Jj |AA AjLajJ aAli A3j _ Ut9ljj L}^. (jjfLi (ji ^j’s.aj La (3^ A&l (lW^ 1 J*"' J 

sL^jVI 


dlLilgJiU j^-a^Jl Ajlg-jV (_jA A ‘i-sU-all jjjjl£ ^uLL (_£A^J LllLll^J^Ul Ajl^_lV (^ 

.l^J ^ a \\ lilli jja ^)j£l AjlgiV (J£ J ojjLalall 
a jjj *.*-> o^jIa ^3 lg xaflj ojjjS o^jjIa Jaliill AAc (jl ^ Limj]| (jjjsll Ijj^ia )->->V 

A 3-)qi (_g^JaSJ ^)ia3 t. L^il (_^l (jl la.a I _ j£^a]| ^ Ig a .a AL jl>a.a 

i o^)jc.j t(Bolzano 1A1A.WA1( diAla A)-i->3sLall oaa Sa^Jj 

L gk # La^_nj ( ^ ) ) (JjIaj Aj] (jLiijLlala ^j-mfrlLa JJC jjAic ja^a (_£I jjL AlajciU 

(jAJ VLLa ^3-icj jjL lillLj j £tJ^_aaa JJC dlli jjl ^ AW jalc. jjjjlS (jjj AAj-aall |AA 


4 ^* 1 1 ^ *A P - ^ ^ ^c, ^ -a\ •n. 


I^Ull jLa: ,J A U * 1 A l l A ^3 (^) 

(jl »1« j ' g ~il r- a Ac. ja-v U^J A_UlJjla]| AlAcVl Ac ^ a (j£j] 

:uj% ^-y^H M -^.jj Ja . < p(tv) 

N <M < p(n) 
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A_idajiu aJLoiaII oiA dlSjC- cilli jj) (^C-J jA 4-^jl (J^ajjfil 

A_J jlaj (dLoLua j)-<a g-^3 ^ 1 g x>ijq‘i jl ^^LuaII A_ida j3 jl .Axj LaaS jad jSj # ^)dLaaxIl 

# 4_ida^)ill o-l^J IxiLa lal^laxJ <_£^)dl ^LjjL&l^ua S.lC.13 s-ldl ^JaiLojJ ^1 j # j|.lC-VI 

j jljall ^9 AjoaaldJl ^pjAlla! A^oLaua (Jjli ^ddaoll A ju >i^)3 jl jad .199 cilli j-o ^aVIj 

jl-lC-Vl <JjaLlllj 


# <aildo j^jla £jjU ^Ijc-V ^ jAyA& £ Y A1*JI jc. c <aa£ (p 
.^JjVI Aadl A_ujJluxa 1I ll.lc.Vl Ja. jl 
.Aald lljC.1 <_gJjVI Audi A_uj.1uia]| ll.lC.VI ^)<q> jl jOJ ^) 

# (aJL^. jjJJxll Jfi.jl) juxj^a jjJ.!*] Ic- j.q-nx jj£l jl cJjSj r ♦ J Y * jaj AaljVl lljC-Vl (_^l (§) 

^Jl ^_^xj ^lill ^ AalVl A-yj'nH ^^jc. j&^>J 

; <LoLul l c-j jia jild ^ + ^ + ^ + # _ 4 dddl l_j jlii jli aj > a 2 > cij >... j^ 12 ) 

+2^2 + 4a 2 +8a 4 + ... 

,4 "vj^x^>ll lljc-VI Ac-ja>.aj Aaxaalall jljc.^1 Ac-j^y* jaj ) — ) (Jjlijj ^yyj C 5 ^ c ’ j^^>J ® 

lljc-VI j-o dilaj^lall Ac-j)a~s.aj Aaat-ulall lIlc-VI Ac-j^y* jaj ^ — ) jjlijj ls^" (Z) 

.A •s.j^.x^ll 

t _ s ic- jlxa l_ kd J diLuialj^)l] Admail Ajt_ula]| L-kddl ^211 ^>dc. j > ulall j^ill Ail *(J-lu^ Jjl ji^)j (Jla (§) 

?dli 

Ja J jaxala jaadalaj jj9 j-a _^>J^il ^3 dll jLaaVI j-a ^)j'd\l Ajl ^dc. ^dall j^ill jc (Jl^5 (§) 

?l jLolj tdlj L$JA 
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xix 


lil. IQ II 




(jc.J ( _ s aaala^)]| ^lAj^aj]| (Jojl^ai ^>iij]| Lai] (_jujajDr ^Uaj (jC. ImK ^^3 
l^aaj^Sj Cki Aal j_j-a ^C.^)]ljj .|3A Aasllaj ^3 (jaajVl Aaj^^ja 

3xaj Ijl^Aj _ lilj^aj V (J-^jVI (jl (_ S I E ' Aj£]j tlAl^j jAl_jla]l U '~‘*j (jlaaaa 

(Jlg-3 ^kj (j^j ‘^)Jg lall (_jajaulLu jl£sl 3_jxa ^»lx ] V * * c_ljlia La 

Lg_ji j_pi ^c. jlla A-i^laH o3A (J33 j .3j 3^JI ^aSj£]| ^DVill ^3 ^ju-aLill Aa j£^aa 
^gi jjaiall |3A (JLa (Jjaia A3^5lc. LalxJala^)]] (J^3 J.Ti] ml m*sl In. all (jaaSLa 


Y^Lla jaill <JU]| li*l LSIjjj 

Y £ (j£ o3^.lj ojj 3 jj3aj » Ia jj^-a <J^ja-aLlI AajS^ys Aa^iaj ^3 (jaajVI JjLi 

Ll^aaa eljiuiVI Its ^Ic. i_s3|_j]| ^j.o'Si.all (jl |3A ^ i»j _ ^aa^ll 1 jualaLa j_ja Ax La 
o3A A_u^ sll «jWn,'ij .AxLall ^ (_Jaa ] « « • jl ^jail ^^3 (_Jaa Y O . . . Ax. jjaa 
LlliSj .AxLall ^^3 (Jaa ] * * (JjbLAJ jajaJ ejLua Ax^ja £a> laaaj^a jja AjjlgJl Axjaall 
(AxlaJI ^^3 (Jaa *1 £ A • « jl ) Aajlall ^^3 (Jaa 1 A (Jjulaj _jj3a (jaajVl 

A£j^JL v (Jtii.as.'lll ^.llalLaj V (jaajVI ^Jaau JjS (j^a3 Ajjl^JI Ax^jall e3A (ja ^C.^)]laj 
Aaajail Lajlxa (ja £3jla j& La£ »l. >»a\l ^ jLk j- 'aLi Vj Vj Aj^)jIa]| 
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V (_pajVI (jl L>° ^-jll-J (ju-aniH Ajj^^/s A-l^Iiij ^TiVl ^jJl lij£] 

\& C—l^Ajj (j^/ill \a (jj/jj (ju/inill (jU (Jjii Lilj Vj 44_pi3j]| Lllil ^gi aJjIaj/s dill j 
C5^ OJJJ C'l.W .ill . (jJajVI lW^J _JjAJ CS"^ C5^ (J»/null (jj£j L_Lui2»4j 4 C—l^ill 

(jjJJjJjVI (jl Lillj Jills, ejjjll oAA jjS 3 J 3 / 1 II (J/slxll (JlllajJalj j )ll dul£j 4 lillall aic 

|jlA (JiLa (jlj 4 4»J.ll-ill ts jJalj j >ll a-l/n^ajll ^l ^lajll 4 ( 3 JJC.VI (JLaC.1 jps 4 Ij/ilxJ 
^lll 4^ Inm^ll ll j^S jLm (_£ill 4 ^‘sjljlil^ll l_lAA*ll (JliLi. jpa IjjS ^Xual jlijC.VI 

.(jjlijl IllA (JjiLjjI dljl£ djlajJaL^ll (jlj ^31*11 jj,Ik. 4&I (jU IgjS jHc.1 
4 _ujx 3| Lk^a ijx ■^■n. j 4 al’iA. * 3 ll . s-.* jpi (jj^c-VI (_]LaC.| aJUojVI Ada^jll djl xliml All 
.dlLajlx/ill oi& (Jlj (^ 4 (j 4 J-alx/i 3 l jL^jll jpi ( -.g Lttj 4 aIL^^H 31 . 1 ^ 11 (JjJaall j)l£j ,lg La 
j 1 ja \*1 (jx Vd (j^l^ .Aojlax-oll (3 jj’uux (j-o ^433 3 AJ 13 AiUiiill ^Li^Li I ^aI^i ^11 

(_pajl (^-Ic. (jjllx-a ^_uiaj| Ij.Aa j 4 4_i£Lm (jjajl (^Ic. jlAAjVlj (juj» lb 
|jlA J^lj ojjiill aAgJ (_puoil All Lg^ljjj (j^aJ V 3>1 /null (J 3 A. jjAjj 

.jJj31c.j jL£ a.i*j jpij jJlxll ^jaLLiII ^ L_l3/HjVI 

( f 1 © £ r. \ i vt) 

^ ^ £ W 4_lui l^jljj ^ ^lj 

4-'l n>.'jjllj 3 L 1 II 4ln.ll^*4j 
Llj 313 J ^11 C—iIaUI J 3 S ^£l j£ 4 jl/iL^ 
4ljUujl J£\ jJxll (jl£ (Ulkil) 
4^11^11 ^alxj lilU LaLaJAl j» 1 aI lilljAj 


0 Copernicus 
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( alC' j dily 


C5^ ^jBJ ^-xAaB 4 AjLi^. ^j-a Aj<i n^all 4 Aiuj SjjB (j!>L^.j 

UjA} Ac* jjjyga AlajoaljJ AjLuiLiBJ ^a jBJj SA^^-all ^jJxlL ^aL_lB!^)J 

SAjA^JI Ajj^)iaj ^B AjjAaBJ ^jlS ABB AjBj ^j-a Laj 4 L_l£lA^^)^. AjujI^aI 

aILula AjB (_jjj^)A (_£a 1! CliB_^l ^jc- IAjaj j]^ # Aj^LojoiII ^Loi^Vl A^^)^. (J^^. 

(J^l^, 4 (_jjjAj^Izu AL-al^aAA y} L_J^*_ll c>l Wnnl A^^)^. 

S^jtA VV ^Jj ^Jj^laj dl^jj^alJ 4 L_l£lj£Jl A£^pJ oAjA^. j^IjA AiLjaj 

< J^)x-ll Aj^Lij (jil ABj^>x-o]| Ajoia^JI 4 i£l^ j-obIIJ (jjo-<ul]| A^^}^. l _L^aj xjJalkuJ 

l^y& Jajudjl Aj^Lvj i * \\ Lo a J[ ^ L n \^\ * .Alijjjj^ ^_la j AUbII c-Lolc- ^j>>» \\ &Mx a dulS oAA 

• U^JA.^^A ClilAiBxj 

L Qx^o j ^B Aj^jjjAjII joiaII A-oIa^HujI ^A ^jSbj Ajlj La ^)A^jj 

^1 (jg& (JuaAoII ^jBj _^A 6^B AxoAI . C_l£lj£Jl a£^>^. 

4 6^)_^-a cJ^^- 4(jja-aAull (J^^. ^JjAj t ^r. U*Vi \ aljj Aj-ua-ojoi Ac- j-a^-a 

VV ^j-a Aj^Ua-all >» jAII AAc. (JjIbj o^jjALoj ^ u^il ABj # Li^Uxi n ^Jl l^Uajj 

^j.auiAi] 1 Aj^£^a Aj^Iaj ALalSJl a£^)^J1 c. ^£J 4 6^)jlA V £ 

A^.j . Vq\ l^\\q\ 1 Aj^Isu CllLLui^. j t. A 1 j<\ 1 a£^^. l q i ^ J) ^B Oa^^-La 1 L> un l** i a 'A 
AjoiBj ^A La^ 4 L^IlIaLuiU 11 )a AxJall ^ \c^ A_1 a Llx^lj^) 1 L>jvn^ 

# (JbxH AjBLia ^.Lljuii 4 ^Aia^.jI '\Ak^j ^j-aj 4 ^jj^)^.I lA^)fic.| ^LlkiL AjV Ij_^B 

Ijjb Ajjiull Aj^^Ja CA^)jIj Ax_nlall «.)jj La ^^Lba^ A_LjA]| {_jjLlo]| L)^ 

LaLo IajUjcIj oAiA^JI 2 i\l 2jLy 4-i£u]Jjl£]| 4 ,j La^i \.jj> jj\ > Jj 

4 >u,Vq.all (jJaSljj IjJJjC-ljja 
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0 (j-a i»A Aji jA 4 0 j.ag’il (j-a <^ c ' t (Jjl 9 (jl£ 

iil]jj4 Ifrjj.’n-yj V A_ljJaljj A_liuil ^Jc- A e S'i. (JiLi. (jx 4lJlllajJalj^)l] ( -»gll.aAlj 

C_jlAi]| - Q ^ LLalxJ (jji^LaJI jjlj -2llj y: a£ La£ .f u ‘ '~ 1 ' _f~- ^ A ' ^ ^ 

AjjLajjill ■»' i.'-^Sfl i aX LiaLu V Aj£Jj 4 AjaJI J] 


©Kepler 


(nr. _ 


t cillall \-*^y AHjlilll ^.LqjuiII ^jj ^£* 

jjj (J jjjUll jUuaII jl V] Aj£Aall diULat^Jlj 

i^aJ .ClAJa^.^yLall 4-alj 6^)jj-s2lJ 

iLi <._s aj ^Ic. 4 Lolx> ^jjjaLA^. Axj 4 SJLu^l caa 

4dj5jll ^JJdiL J 4^ jU (Jic. (jLuijIj 

J£ * "’ ' ’ ” ( ' 

Ajjjjj-ojII (jjj ^a^Jlj jjaij (jl 

LuLaJi ^gi (j2l& .ia] . (Jjt.-i^ll ^3 (JjjJa]| ^a Ajjj^IIj S^jjSJI 

^gS llj Jaa 4 A-Ujoi AjL}^. ejjlS 4 A^a^a]|j A_laVI 4 aL^. tj-o Jj^ajajll ^ jAj 

oAi^. jjc. Ajj^A ( _ s -lc. (Jt^vsj Aj^llj (Jj 3 <j^a JaAIj A x >>il jia A -\ i^aJ ^ ^»lc. 

^ ^Ic. (Jj3 ^3j _ ^Llj]| ^gi Aje.j (_gAj| ^3 4 Ajj^. (JliJaVI ^J-a> (JlLaj 4Aj£]j 

AA^WJ^ jl£aV (_yiM ^La >a •li Je. lillall jalxj Ig-dj 4AjjLa]VI Ajt-aL^. ^ 

aAiA^Jl Aj j A n ^a LiiiAALa 1 jJl9 
(jfi Aliiilaj A 1»■>■ ^>-aVI 4 A ■ .'.mi A_uijLaj (JjlAjJajll ^A^ ^ 

3-i~ii.ul lilljAj 4 luwull jljC' Aa.al-N ^^3 dlLuialj^}!] jllLalS 4^)i.l ^LaC. (JjaJ ®jO-A^ 
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|A 1C- j l n 




1 A ^ L ‘ *' 'll *i L .'*l j J ■‘.~f~- 1 '' \\1 M l IAjI] 1 ' W ~J jQ*' ~j ^0*1 


t(Jjlkj lillL .ixjj .ImIJIj j~>g,3-aliijl (j^ V-ii (JmomII jjJJJxla ^A^laj (jjLjaSJ ^g-iV 
dl^UMai (jl .ixj IjjLLm 4jjAaj jl^)C. 4 ju#1»i iLljj] ^li£ ^Joj-mjI ti_a3^all ^L^jlljj 


.iLlLiA AjIo^. 

1—iljJljJ jjjal^AaiU 1. t _ s -lc- (Jjt-^-wll ^LIxLujI \ 1 • • ^»lc. 

4_}3 La] i-*ljlj ij’s L Li1 e JJX >M ^A ^a] _ 4_LaC.| j»aIj jils du^. l_LaJAj^ial^jMi) t^li]! 
djLalLLc. J) <Lm3jj a.liA^. A umYiA dlli^ilc. (jc. dl^all jjLa A A-*. ■ ala Cjli]5lc.j (jLa^. jja 

_4xjjla]l jAl_jla (J£ ^aaj 4-iiJaljj 
l^j i c_lLax.Vl ^ AjjLmj (j£]j 
jjlA^jll JjU. ^ ,’>q'i«j ^la-N i ^1-^.j.miVI 
jJlxjl A ql-L ( Mil (ji (lillL ts Jc. 
.1^1 .33 i I La ^jmiIjI] A x ..q j c 

-doa~Jl <LaixLLa]| CllLa^u^-a]l ^jLbai^Jlj 

jjl£ .33 j (*y -3i<a Aij^)a-a]| 

uj^j¥c j >" cjSIjSII J As^ IxjL ILa *i£cl 

lilli a! A inilL l_i£j£ (J£ Jxjjjli i Log M ■ ,'^-lv diil£ .iVia 43j^t_a]l 

jjj£]| lg-l3 (JlLaJJ 4 joftll 7TJ>>1 Jj] (jjsl^all (JSmjJI ^>ll£ ^VumI) <Laiaila]| (■" lloM-N.all 

dlljlLlij^jl] A^Ja^C. (J-aC. jjl£ l.3g-lj .(^MUMaaJl <Laiaila]| dlLaaMi^«a]| (J]iL^ 

jjjjjjc-ljji]l i^lc. A-a j2mA lg jlxuijl jjl£ ^jlll 

V ^cLlii ^^Jaxj t _ s L]| (Jlllj j )]ai]| ^-a jl^aLuiVI ( _ s -1c. SjJlla]| ^)L^] (j!^ L>° 

^ <LaC. ^jj 4j| JiiL /l 1 ^ iLlljjiij ^^j-lc. JI' ^ iLllLjj dlUa^^l-al' (Jjsl jj 
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© 




;LaA lg-la ^Lillj JjVI 1 a-gua-La i ^cjHi]! (JjjLLj ajjg >a.a ^jjjlj9 4ji]>Li £j_iaj 

^Jaall 4 _jjA ( _ s -1c. iLlljljLa <^3 (J SjLua]| L_l£lj£]| ^j-a-s j ^ 

_(\jjljjj3 ^..tu (^-iloll jjAjJaJJ Vj ) 4j9^^a (_S^-) (ja<a>a]l (JLaJj (jao9lj]| 

4J|<vljji 4 ^ta<aj ( )j.i ^ax'Zi \ i j L)- 0 (J£ ^11 3-iL]I j Y (jjjlAll 

,(T £ J<.'.' ^ Aj^LuiLa 4 _loj 1 ^_9 ^j^LuiLa L^jL^.1 aa<a dll_C.Lla9 a L^J 


V 



jjjj La jj]| J'Ajjj'n ,i*_j ^.L^. 493 lUIoII LlA]-^] 4iLij£l Lai 

(JJ t L| Q a 1 IL >il 1 j 1 -a I -a i 4 A A l ^i a 4 T llLi\l ^jj ~ oV- 1 t** n'V C 4 JQ 11.-. ^c_Ll CjliLUJI J 

gtijj 4_1 jj£]I (Jl^-LVi ^ J°; 1 «J-a L ll.a» I J y cilli] 4 -^jTi viV-lj tL-aaji tLa^ala 

. 1 ^^ j!i]| jjjIj]| lAA ig ic. 


L_fl^9^]| ^ilalLuiJ V Li£ r 3 ljj.i] ^ Lh^i^$3j ^ja.a.ia]| 4-J^A 3 - 1 LA 

^^9 (JaiC. i.ag l.a bl£ (ji (jl i \A Cr . jL£j L>° (J^ ^-A) lA- 3 J4 La 4-aLiC. ( _ s -lc. 


_ jjic. £jLjJI LS^^J L^“JT.AK’ L r ~ ^La aAjLai]| jl^9]>U 4 -v~i i4 w , t.jj^A 3 


4&I (Jjli. Aalj jJlxJl IjlgJ Aj^S^a]! 4 qa^-»\i ^^A Aj^uiJij ^JLlII ^j£^a dul£ (jiajVi-3 

oLa t ^ja.a*a]| 4j^£^a Aj^A 3 - 1 alliJa9^) ^aLaaVi i-^A ^Ic. j i. Li] l * aaJa ^*4 a. a /ail 
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t j llal| |A 1C- j l " il n 




ajJJ^ll L_l£l j^ll (_£A^J ^1c. (_J>i^)]| (ja 4 iLa. (jc. SjLjc. Ajjbdi]| iAj^jjc.| <i 

A_i3l^}it_a. jil ja (JlLaJ dul£ jjl ^iu jLillj Ajai]| <ilkll ^1*] aJjA^JI Aj_jJaj3l - '' - ^ a j La£ 

-t _jiajVI Aj j£^a Aj^jJaj A^-^J A]jlx_a 
dul£ LaJjj tV jSx-a jjl£ La Ig-Laj i AjAaJI al L ill ^lr- OJJj£ dlLjaljJC.1 iLIIjA dul£ 3al 
i AjjIjjJj Ajjjb A£^a. ^^jll i (jAajVI (j^ dlLjal JJC.V I a^La 

Lj3j ^ aJj ji.a dljl£ ^j]|j jLi,,'ji ^j^LaJ AS^alS Abb jjAll A ijlVill ^jkSV 
_CliLjajjc.VI ojlA (JiLa !^C. !■_ nVi aAjAa. AjS^a. dlb^jlaj jj^Ja] AalaJl jg )ai liA j. ^)1 j£j 


O Galileo 


( nir-iont) 





^jua Aill A_lj£^a Aj^)Iaj i'i.Wj All 
a]j _ jJJlc. jA lg-3 IjjAS LtalAa 

I jjj AjtaLa. (JiAj A njljjja jjlJlc. 

i i._lla]| A-ujI^a] i A_1uj ^ V b^yac. j 

^jjAjlalj ^jaAlaA J)\ (jLaC.1 ( _ s -lc. A£.VJal 


a^laJlj dll_ljAalj^]| ^3 A_iAl^-a l ** \» ..-. j 
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lillilj i Ig-ilSj jAfi f'lK aAjJull JxM^Vl jji jJJlc. ^)iaj dial 1 1 ^ <■ iu.ua ^ 

/e^JA VY JaI*j JJjSj ^Jc. Jj-ojx IjajjAJ AjlmAc. j^Jaj (j^aldJl 4-jj‘smll aljjj j»li 

j)l jj^AJ 4-iJ j*S mil aj3 jU jJjllc. ^jJaji ts jjiiiis]| ^jjmll (jjila-a ^Jl a^jdal^A 
AxjI dlil£ jJjllc. 4 3 -tn _ IgJ(jjs (jJJC.Lm <_Jj3 4_ii^xJ| ^i.1 jj]| ^al _ja t. am’sl 

^)aa]I 4 \ j*s i ,'\~i 4_i^jjj 4j^_xj J 1 -v'i i .il ^ 4 _ia1xJ| 4 Yil-i4. >»j Aaa i^Ua jpi 


© 


^ \\ \W c". 


La-o ^JajoLAl! (_£^Ail]| 4_^.i** i Wo in cillijj 4 4 ^ ^ ^Jc. (_£ 1 ■■ >* I 

Cj^)JJC.| ^LuLqj^)]! (j I'qVill A 4_li& (jl VI (jAAjaill 4_jj£^)A 4_3^)laj AuIj j)A J 'j 

^^da^all J^x. jjljllc. (.. Ig-lAj e^l^sl AjjJ ^^jll ‘‘‘'lr.^U*ll dlaiaj tAljLA IaiaII 
Jl jaJI jps J A^x-a (juAmll 4_lj£^)A 4_l^laj ^>JJC.| ^ mjj£]l aLjajj ^^3 4 '\\r- j\ 4 -v jnj 

.i^Ua (jAaAii ajlaj&l j)A ^c.j]Ij 
4_mljA JjLx. 4aa tillall ^Ic. 4j|jl_xj| jjC. 4 _iaAI Jaj V jjljll ».l dlljLxjJ i^lljA (jl JJC. 
AA3 .jJjllc. gg ia 1 l—S^JU Ia (jjj A-idaljj ^iLaj 4 3-iml jj l g q>.-ij Jild. jps ^)Al jiall 
^a 4 _jLaj ^^jll ^^jjlj jjall jJl*Jl lAgJ (jjjljail aLxJ 4_i}1£aU t4x.ljji lilliSj i jJjllc. jx-ui 
l^jj/l JliLall J^li. j)A jJJlc. I a ^rj jJajj (j^aJ LaJJj i (^illaj l" l gTaja-> 

Jajkiaj ajAlia JdlVjLou]| jpi (J-ax^>a jpi 4jS li'ai.u'l LaAic. 

4il >ua!| A>a~i dlLuialj^]| 4iljj t (j-aj^l ^a AlA jj aj£ll l g x Inal ^gj\\ 4il >ua!| (jl ! !'e^)^ll 

e^)£]| JajajA aljjl l Ag La !ll£ jjV Jj->1aIIj J^)jl1uia]| (j-aJ^lj ^l-^l-J -jJ-i^aII 

44x.^)aa1] IjjIj UlAaa (■_ iua~i al 4 jjIj]I 4-ajlLall (jl 4j (j4JJ ^x^aHll j l“ w ill JilA. jpij 
CS^j J^-ajJ (>J i Ij/jiAa VY ajlAia IujIj 1c.jLaj ^ l—»; “LajlLall JLaAj (jlj 

•4iiUJl 


v — 321 
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t>jll AiLui*]l Aij^lc. lilliSj 4 f ^_pa^]lj y Ac^uJl Aii^lc. JlaJ (_ 5 ^l 

d = 16 r 

t _J 4£- ^ Wq.a\1 ^LoIaII ^ l**' ^ 

^iilc. gnTuJ S^j^Vl 5551x11 (j-Gj 

t = -yJd/16 

m-N-Sf ^UiiinI Aic. ^Lclxj ^A I.AA^ ^ VK\1 ^jc. ^ i\*^Q*unl 4_1 i“ i*<ci. ^1 

i-^l\q\| ^.\r, ^ l" \\ u >i\j^]| 


^ja <*Ja3 (jlj jliic-VI ^3 5jja *rO ^lill c^lli ^C.jj .I^IJ L>° 4-all^A 

^1 jail ^9 . 1^,1 j u -0 li] 4 _i1aJ)]! (jlj^xLuiJ <jaiJjj 

JajLoill a^AUa L L^aJ AiLuill 5551x11 ^j! ^A l_lA 1 1 ^ ] 1 Ag a I^jaI cilLiA ^j£Jj 

jJJlc. ^)£a *' ^lill djVjLuiill cilli (jl£ -^1 5 >q > ^ !51a1 V 

# Aj«_i±Iall djtlx-a ^ll! A^jJaLi^Jl Clll55lxll ^jc. Cll^Jl (J5l^. ^ja L^j^^xa (J jL^.j 

CjbOlxll a^A (Jja 4 j'qj'q^ 5 aj 9 ^-iaJ aAA Jja <j! 51a j (JjV ^jAaj 

Ia ^jaj! tg-jl LS^ 0 ^ <—^5lxll o^A (j^l 4 Liilj Ia.Jj^ (jAjJaJJ V lg_jj£ 4 u^ibjll 

# AjLJ±]a]| cJ^^. ^a_^lc- (jl-uaJ^M A^Aaj 


© 




el^pal dljlj 4 j jjl£j) Aj^) 3 t jJJlc 1 $jS ^JJ 4iud]l l _gAj t ^ 1 £ X 4_lui ^ 

AO *Aa] (_jjjlc ^39 ^pa .(jj ^JJ “■ ajQ-v (. aj* ■ ^ ~ ■ * biila 

4 W (_J^ jjlJlc. 0 ^-i-a 4 ^l^aJLuil j _jAj ^glaC- (_1^J s^_uHj 4AiLa Laic, 

(jj jjjj II (JlLaJ jAJlc ;JAj^a]| IjlA ^ <Jls Ac. jjoij a jjL^jj 


IjL^LVI 
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i (_JiIa£ Uli ■ aaj] j)£] 4, Ualllj j9j| t Ui 4—SjC.i V ;t^o A ■ ail jjC. (Jla 99 j 

jjc. (jLa^ dlli 4jt9j9 jl aLuiLa j 4 ■ aj^jL 9^.li I■ ni'' Cine.) ^) 2 aj]| (_J^Lui ^^Ic. 

^ a\ .-Vic' jj j9 ^-aLal - QQ ] 4 Q 'Q^ jpa ak jiaJt]l Ja4^-a]| Lajjj 
L “ ' l-l 1^4. \ j i “ '1 \ L 9t l ll ^ l '-^ ^ a\ 4 1 l H \ 1 1 \ | 4 A 4 1 1 rtP. 1 A Q ‘ ttjfl I 

^k jjjl Ul ;"^jLia]I" jjg >all 4 jIj£ ^k JIB iilu^. 4 jJJlc. bI9j ls'^ 4^»l*Jl ^^alj^Jl ^jiuils 


© 


j)J jjj lilul£j»a 


<^9 4-u9aljJ l$3Vy& |9^J ^gjJaje. jjjfL iillijj iaJJjJ C lljj.>ilj^)]| 

4 Jt-nJal' ^^9 t. \\ dA£^aJl ^)Al_jJa jps 4 j 9 a9_j^jas A qmUll jjV 4 4_Luila]| 

a9& jpi A q 

dllj.a>ull 9o^_jJ ^^9 jjg tall jjjjJJ IjUa jjl£ 4 A 3M l3-ill l_L-aj jpa 4 A .ag .all a9& ys^J 

(ja<a9jll jpa jjl jps (jj9j|j jj-aj is^ (jl5 999 _ 9^1 j (_pa^)Vlj 

(jjjlaj (jjjjjli]! Jj "ij^s dul£ lilli] _ Ia j-a j A 1 _ '.‘w a a, LgJ (jiajVlj 

jpaj ajjJala 9^.lj 

_ Y a^)ja-aaJ i—ajliall (JLujjj 3JLaLa ^^9 ^)j < sq~ill ^^9 (jJjJJ 1-iJ 9a] 

(jSj jjJajV I J-N.' 4_ ■ |'1 l_SJ>»9 4_i9l£ At.^j!J 4jj9a]| dlslLl lij AjU 4 jj^ 9 dul£j 

(VC ) ‘j** 1 * * Jj^ lijj 4 (yA cs^) U ^*^ 5 lP ^ 0 

4jI^J ^/La Lajjj jAui SjjjS 4x.jjaiJ disllai 

9xjI \/^5 L&4 jLaui (_>aajVI J^-j 
L-ValU lilj ^)Lui-a]| i 

jOjaiJ (jl A a; Vail jj^aj9 4 
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Clul£ Ikli (J^UaiAll lk& 


^jJVuu^ ^ yaj^\ ^-okll (jljjJ L t lu*m 4_AjkL^Jl 

< qj,uixj 1]1 (J» Vi (jl l_i£I_^11 \ £ i.h <Jajoj|^Jj \ x^iji 


^)Vi p**y ls^ ^ j>a>Vl ^1 t- * vw a jS 0 L ^lajc-VI J) (jj oSkx^Ci dAjLui^. Clolk 
(jjj AiLuiAll jLjJjU ajkll ekA ^j^aSLiij Clu^, i /jjAin-N.\i AiLuuJl ^Luj 


c^lUll ( alc. j C—iVlx^aLj^ll 


L_jkLvill "o jkl <5!>lxJI <jl <kjk^. diLJjjJ! cimj ^kj # L<^_iiIj£ jL j 

C 5 -^^ 6 r j£ j-® dh^ j j /??^ IaaU1j£ B j A Cb ^^ Cbi F 


(*) 


„ , m< ■ m„ 

F = k - z —, k = const 


.»' ..'■^V' ^La^J eil^)!LLa]| L_uJ-ii]| f*<4* di 
AjLj£ ^ ■ >* j Aj j ^ j, >.j v y 1 ^L^'i I ^jj Aj La ^ > Li nl ^ 

;lg ■ ^akLaj A£^pJl l _ g 3 (jjjjj (j^jl j£j ^jJl l_i^)XJ La m £_£JLia]|" 
aj3 AjIc. clijjj |j] V) Ailii Ac.^laij a£^=J| ji AlL*. ^ ->hi-n 1| -i 

^j->jLk 

^gS m a!j£ t.\s^. (Jj-aL^. ^g& i La piny cs^ 4 iS jl-iia -<-^-1 
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^ (jL-oaill jl a3ljjll jA ^jLUll ) F — m ci a1£1*AIj tilli (jc. _jj*jj 4 Cl Ac.jLli 

(oL^jVI (_^A jjajIIJ Ax.^ui 

ajL JjVI ^ jlijj a-ma.ll (jli t ji.1 t ajai nig j!il ILj -ill 

aL^jVI Ajj^Luij jljiaall ^3 IgA Agjlkjia 
AjIc. (jl&^jjll ^LLIujI (jill j»l*AI L-lA^Al jjjlS (jjjjj i—iLlai AAijllill (jjj|jail aAgAj 
(.. 1. W*l jjj^ll ^3 ^Lji^.VI (J£ (jl (.^Ac. (JjIa ^A] (Jj-ajJ 33 (jjfLl (LUAjj . LllaljJ 

.Ajjjjlall Aiijl*AI (_j>liljj I ■ >.» j I g i >»» j 


© 


(jfLaJ AAijllill jL£ (jjj| j3 (jl daljjJ l j n » A ^ j 3*jj t jaUII jjJ jjj JlLaJ 

t* wn (jl 3jj jpil (j£^jj _A_jj il^JI (jjjlSj a£jj*A| ^3 (^juju^I (jjjjjlall jja I g -nIIYuiiI 

© AajjliJI jjoi 


Ajjl^aj ^3 (ja£li 4 (jlijJl Ly-A_$A1 4 jml mVI Abigail (jl (_£JJ (jl dllllaljjll a j3 JJamAJ (jC. 
Ajlal jjll (lAsjlxAl 43j*-a (jl3 iLIIAjj » aLajjAlj (_)3ajVl (_^3 Aalii_a lllj/l^ tS-^ ' j Q J J l" 1 '' 
jjllllc. j (jj jjj (JLaC.| (llilS 3al .llllsjlstAl a3g-l A3 jj_^aj^all (lijlL^Al £_La^A A3jx_a (JlLaJ 


.^1*31 ^cjili^JJ ^ AjIAjJI A-AlLaJ 

Ajlaljj (jjj| j3 (jjjiljil ^ jJLa ^1-im ^Ac. jja ^ j^.3ji a (jj jjj ^ jJj Aalj 

(JjaIII aAj£ mI ja. c laiLai j£i Lai t AAjLaji Aajjjaj jj^al Aalj _ 1 g j^l , ^1 jalmlj 

^jjlll Ajia jll (111 jliall (■_ lUu-s (j^al C—1^1j^ll (JSjjL Ajjjt-all (jaj . _ji.l (—-1^j£ (_jl a1j£j 
(jjajVlj (J>i.alll (jjj t—lil^jill ^^3 AjJkj j3^1|j JLall (jll l—ijc. La£ 4t_lSIj£ll IgJ Jj3j 

/ejjiS (_£j^l aLlAilj 
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(jc A3^)x-a]| Je. Li] Auflj£ 3£jj tLaAAxj <vl^. Jaj i j)J jJJj jJJlc. (JLacI (jl 
33 j .dUdU^)]! Alad yi (Jj A Jm-kll dl£lj3VI (JJjla (jc. dfc ^1 (_g^.jld]| Liallc 
.AjjLLall (_g3 Jjjji (jjil-3 Aml mij t LldLlj JLacVI e3A (J£ ^>A j)l£ 

33 AjjiLaJI (_£ jl] jjjLj]| ^£3 dVjLa-a (J£ ji Vj dlljldVI e3A (_j-a ^C^jlLlj 

j£] _ Aojlldl _jA I g » an j] 4 ua j L_iSI j^]| A_L^^. i _ 'in' (jl t_S^)XJ Id 3dj (J^3 j >1 
(_£3Lla]| (jc. (JJ 4 ag q I LaC. (_jjlJj i a^dll jA_j^. j)C (JJ ^adi/l (jC Jaailmj V LiA (jaj 


Ja ^ai]| (jill La jl ( _ s JcVI jaj (_}jj]j (JdVI _pj ^-^->11 ii]^)di ^\\ Ajml mV I 

33] .AjjlLaJI _jAj A_Ia3La]| ^1 hi-nVI dl£^)^ aLuJacI (J3]| jamVI (Jjj-u V ?Li]^^. 
C—lLid jVI d*sdji 33 ] ;Jli uja A-ulLaJI ?rjd jj AlLaa A_mii Jj jjj dg.-slj 

<■_ lllml ^LlILail dalml jj (_gLij JJC ;A_u3LaJI 0 j3 A Liml yi jLaJlj dl jamll ^)Al j]a 
^A j i>3ja._ja A_u3laJI Jj^j jl (_gi^J j£] . jAl^lall o3A (JVd Ja A_u3LaJI dlda 
_ jlaall lillLSj A-Jjl amll ^Laa.VI A£^>d AjsI£ (_^A J l-ALix-dj ^j\\ Jjjljl]] Luj Lijdj 


t^llall ( alcj l**A u>>Li^)]' 





Laj jj^)i]| ^AjlaJ gldjui A jdlj^)]| <djj3]| a Laic jl£ ^Jc £jaLi]| jj^ll Ajl-g-i ^2 
(_gUuj (jUI ejA^Jl jA jl£j 1 (“■Li ^Jjlji-ui j^j .dljla_il Ja 4_Jj IjL^»JJ 


JaLalaJl aVjA lg g •>' J <^L]| td jJl A K>aall j& <LuilaJl ^)A j^. ^3 (j£j - <L-alaJI 
(jaAAa]| (j-aj ? (_ 5 jl-ljjfi]| ^1 Ja^l] AjjaAi^JI 4jtJjia]| (_jALa 5JLaa djlS (J£Laa]| jlti (^jl 
A >J.1 Ig II (_j3 (J jl JJ^I A aLnal 4jjlj jjill 4qji->ll ( -.g jj UaJJ^ja 5JLaa]| ojlA ^3 jj^J (jl 


(_ji3aa]| f I. >a\l * (J^jkll j*; AaLnall a3^_i (J^J^ll jl^ 333 tAaLuall o3A AjtjjL> j Aj jlaVI 
jje. (J^i.1 (■'‘ll.j.a.Vlg.l (Jjjall Ig t>i3j jl£j ^(_jj3j]sj g.1 Ja3J LldLlj t—i^xj (J-^l) 

AaJXJ ( ^Ija (_g la. jail <;Ljaa]l£ i IjjS^jx-a] A.umiIIj AjlLd- (JJ^-i dlgl Ja3J (gJLilljj tAj3j]sj 
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(^g-daljjl j)i lij 1—liC-Vj . ((jLaJjj ^J^aOna'il-Jj] (J*3 La£) A -aim-all oAA (_JjAj ^Jc. 

(JA^a^-all A ai'a-<.ll (j| j’4 mAig II ^j-aLic. Ac. Lad " l_ia] A d-uidl oAA ^Jc. 

La£) ASAj Jljjji]| <vLjaa]| ^^}d] lg-dAVui.il Adl^a] ^A AjAjIsVI JJC. dlLaiAigJI 
.1 g xuaj a^AjIsVI iLUa (jc. dj^^c. (jl a*j (AjaaIsVI A mi ig 11 

A_Vli Adlj jjAll jAlJail (jAaau (jl (Clifford) AjjQjK i-aj aLalaJl (jAaa I A Aid Aa] 
Jl l>j O' 0 <-c L UuV (jl^-a J) (jl^-a (j-a V frl'VlVI |AA (jlj aldadl <vlWll (jc. 

A-JLajd Idajl AjjLK (jAaJsl Aa] /aALall ^3 f£jdl (jc. JL Jjij]| lAAj tldajl jpsj 
A ij-s J Axdaljldl AjLoiIjS J jj aldadl a I iVll (jc. LdiLi AjjALJI jdLi (j J-l (jl 
. t jj\,"uMljl j>jA3 ^)3 ViTi (jl AjijlJI e^^all oAA Jc. (jl£j lAA Adal Jsl A-\,^i Jc. 

(jjjjjdLa jjjliij-a dV^, JiLi jjl ajoijli . JjaIJI Iaio lg J]* (_£^)d AlLuia idljA 

oLVl jl Ajc.^ui i_ya jjjt -1 La Ada I g jAu ^jll ~ mjl CajlLa ^A Afi^lli !(jjjj A-LSf LaA 
a^aaJI A_1 j£ jli Jjjj AjJaj m-N^U (_pa J/l c_ 1.W o j3 jg3 jjjjl Lai Aj£^>^. 

(jgj jjjdi]| Idc-Llald L>a J. JLj .(J^jVI (jc- oA*j Jc. Adixj axuaJI (jjj 4 ajIj 
© jiLLdl Aj-ud 

oAA jjj i (jl^all (_}h3j ^2 AjjIj 1 <ag Lu A uaill (jl V) ^L£J' ;aALa]| L^ 

^-aill ^Lijj Jl Aj3 j]| jrLuj A.Ua I J Li] J La A^. Jj A ual ^^-3 t __ja. duajl Ca jfoall 
A naill oAA ?^adl ^Lulj Aj3_j]| ^Lul AJ^Ldl oAA (JLa ( -W^ (j£ Adlj 

a-LaLdl C~~ 'g,~> IJ jll OJjdVI A K>a.all j -( jjlluUj| aLlI Jai. A ag Jba djj aJj£]|j L)^ 

^ t Jfodl jjl^alli " ;AjL& J La^SjCj (jjjUadl jjl^allj jjLaJL Jjjj aIajc. 1 ^^A 
(jLa Jl Lai _ A£j^. jjjAjj I g jl LiLa jAj-aa Jj ^ j^JI (jj^j ‘AlutnJa 

jAj yat J] ^j^.J| jjjAj ^J-ill.a jjc. ojLc. Alajlla ^^3 Jfodlj ^(l^-kll 

jjl La£ Aj jdJI (__ljLdi]| j_pi I g~i»J'faJ A_iALa A*j £_£AIoa]| oAA (jl . "c^J^ 

(jjjjj jl^sl (jl i_$^y dllLjj AjULols. ^^3 dll Lgjtdaj (jdl Jll oA^J Aajaj.^31 A_i_ij_*a]| 
_dll 1 ^j 3 LaJ AdL jjsllla dlldal Jsl Jc. A_ilia (jjalladl jjLa Jlj (jl^all Lgd LaJ A_LalaJl 
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dlLul-la.] ^yila^J Anaillj 4_uil j 9 Aic. 4_iuoa (J,j-a jjIIj jjjjjj ^la 9a] 

(jjjjj i-*bil8j,a jJ3j;3-i'i ■^ Cr ‘jijjj] a ^*-? L>°J 4 (Jj_jjj£La (J' •> all l9A (Jj-ajjj _ AojIj 
C jiLjaJ ( jJj^ui^La ) La^jAuiL dlSjC Jl i 4-ua.lH i» ,aj^£]| j_^9 


C n'q \ jj£]j jj^sj)]|j 4 x.Jjji]|j 'aA\ mxll jjjj OJjia dlliiic. Jl iL-ajjj ( jjjjj] 

_4_njaii]| j ^ la ) 5 * © 4_lui 9*-J V) j■ ^tjJaJj ^]j <Lajlij 


a 



jjlliul 



Albert Einstein ) dyA^i ej jJI <J*.9 M . c ^Lc. 

jl£ 9a] . <Ujjj £^_$j t>i jx^xS I j^ (1879-1955 

Ij^jjjc.) jjj9]| frLaJax]! ^yZiC. £_ujIj]| jjja]| _jaJ 

9 \ \, 9 *i 19 j ^ 3 > *\r. \ * j ^ *\W |9C.Luia (JllLu9aL]^}]l 
99 LjjI j9 9*Jj /"''j 1 ^**'jj" j_glc. IJS 


' -.V- ^ ."'tw>»L:^]' 


9-^.jjla.all (_1 jLuia]| j^ 9 9*Jj t4_LujjJaljixj^^]| Aj^laJlj (jjjj9J ■ALj_j\8j<a LS^) 

4 x.—.t -iw\t 4 jii.mU 2 j^Jauj jjVl i—a^)*j LaJ 15*0 ^Ic. ^ 9 -x. M~ij A'i\\ ,,' 

<■ a. j] aj.a'uM.a]| jj \ a,<a]| ^^jc. Aajxj jjjjjj jjjjlj9 9j9^. xjxujJ Ajjl^alj viV-1 9a] 

(jjj9l^a]| £-La^J 9_ljLuiLa a j)>^~»]l Ac.^)aji j 7i 4 (l'A jjj j)jaUn.a]| jjLajllj <vljJaa]| 
jjj <] jjjjj 93 j .9j-aLk]| 4-nxai]| j_ji Ajjjiaj Cli_u9aj9 j_$9^J <—Li-Walj AAlaul <—Ijljj 
uLlljj >a.a]| j^lc. jjliiil V tLa^jJaaJ Jl tAjuai 4x.jjjdJ jjl£^pUJ jjjjill jj^l^jA]! 
t4 tA-Nlj Ajnaill dllijJaja jj^i j_g^i.j J.^jl dll^jall j_jjj]_ia j^ (jliali V La^jj (Jj 

Ij^Jj La£ Lg_llj (Jj-ajJ c CliLc. aIIxIaII 
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^Lij ciijl£ I ila c<c-LuJ! cJ^ £ ^- c, ^)- u ^ <^Luj &Llg ^a i 

^At- 1,1 a ?<C.Luill ^ (jU-ol ^ 4-^jLill 4 X-^)joJI <L ^jl J^a <c.Loill ^a s>L<JI 

Aj^ n^\ l djLc»^Jalil A U n ^\ 1 \ \ i ^ j ! .^S-V L** y"W ^4 lUn^l l ^ 1a \ A ^ -^. Jj (^y& 1 

<-alxJl y <c-^)jaill 4_L <i\.a j)l jjJJJ 


V = 


1 + V 2 / C 

. e jjJall 4 x.jaji £ Lai jLLil <c.j^ji vj j (Ja.jJl 4 x.jaji ^jA y 7 i * n^ > 
Aa] _ £a AjI jjj ~■ aa.31 aJj£ jjl jA Aat-aLaJl A_njou]| A_i^jlaj Aj dl^La La L-J^c.1 jjl 

V* iflg Lj^jjjc.1 |j] i^^Jj La£ \ ^ • o 4_iui 4 j_^ aj Aai ^gi S^)£a]| oLa jjLLiljl 
i ffl A VKU A n Jj\l 4J^Ltlli . La L_ial^a A, UallLj jlja'i.,'^! Alla. ^^3 t A Vi^ll 

; ^jj£^ 1 ■i y lAjIjiLa A.c-^y^j A£^al4l 


m, 


m = 


Ti 


2 / 2 

-V C 


(jj’s’La aji2i11 Ac. jpi A_cjii y j)j£i l-^Aic A_j| a jt>ill Ac^a ^A £ ^j| 1 „\,~ 

La A LS Ac Jjjj SaL j Aic. Ajj A^Ullj ? lAA t*' Wj i ~aj< _ (Ajlg-j^l jpi Ajjjii A VXll 
© (jAiLml a ii,jj 


iLu^C j3jj (Jl jj4l IjA ( _ s Jc. (_ll jail j)j .aAUa cllLu^a ( _ s Jc. (_)j-a^i Aji V 

aJj£ 11 AjS^pJl ajLUI Ljj5j JaI*j aJj£]| ajL^ll jj! LjIjjJ c-u^Ailj 

Ax.|^jjj <a\\ > ^JjjjLijuLjI ^ > a\ l f j l ^\ 1 ^ f~__j..- ^a ^ _\t~. 1 ^ i /\ l ^a \ 

; jAj i E AjLUIj ffi aJj£]| (jjj Aj^il*Jl ■ii.'iv'il ‘ aaJa*ll ^ 

17 2 

E = mxc 

(JjLlj A ftsti ^ ajL^ll (_j\ (^a*a (_5^-3 .A -ai^c. j3jj AjUallj aJj£]| AAjL4I AJ^LlII ^jl 
jj l^2lLS (jl f n-v y l c j i ' A < s^j-v'i^\l A jll£jl jj| La (JjllI ^jJalLaij La£ Aiui-a AjUa 
Ljajl (jjLLijjl t-jj3| A3j _A3lJa]l j)>a A_i>j£ A_uljjja]l A i-s.1 ill j^j (JjLij aALljll aAA (j^l 
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dulS |j| ^-'1 j j 1 4 x t u.all ujLttAuiaJI ^3 l&jLajj j£asj 4jj£]L a4ljj]| jL 

43lJa]lj lA4jjiui lijli 4_1 ula 4 Vi’s! 1 Tij-v ,,n 5JL^. ^3j _ LlLaC. killj ^aJj a^u£ 

4-C.^ui (Jjlij j^aJ 4jUi.il 4 JL^j 3 !I>>»j) (jti’sall jl La£ 4l4jj |4 £Jj 

ia^JI a jaa .4-iiLla l^Llia L jjj LgLijS jas le- ja>. .Vaail ijj)La]| jx La 4_La£ (LjLaJxaaJI 
Ia^jj dllc.Lt_LiVI 4 ]jj 4_JjVl dlLaAuiail ^LaAlVI jl jl 3-n.aiVI 4_iLaC. jl (_^3 jpi£j l-iA 


_4jjL]| 4iiiflll 4 jI jj] 4jjLaLjiUl 'oj^allj 4jUa]| 4 j] jj] 4ajUjijVI 'oj^sll LL 4 ] jj£li 
t4 ail.mil 'oj 3 s]| ^2 Ig lie. I iaKI ^^jJl (JSLuLal] bl^. j» 43 j 4 >.-il-Lll 4 ju M iH 4j^)Iaj jl _jjc. 

jj_$]|j 4 li^ll 4jjaij jj£i I^LaJ jl 4 (_)4ajV I al^jL ^1 m-N^I l. i.W |4±a] jAuiSH 4^.jJ ili 


JH-L. j-a Jju LajS (Jjl xaaII e4A (JIa 4 j>11 »a jjLLuiiij JjL^. 43 j . jjjtA f »*->_j-a ^3 4 jjIj 
^J c. (j'Liu latimjj 4 jV4Lla jjLLjaiil 433 (J»alljj .<Lal*JI 4-Uuu3l 4jj^Jaj 

tJLJl dlV4l*-a (JaLiJ (."ij^j i 4 ii-Lia Ja j3-tL ^,1c j ojjila jOjaJ ^1 m-si 


^alaJI iLljlmll i_L-aj ^ll ^iLjaVL 4 L^aa]I (j£ » 4_njaij]| 4_i^jlaj jA 4_^jlj]| 

^jliual La (_£A,a (jj .(JjaLu-all ^3 jl ^ i.>iLa]| ^3 t*lhj (_£^)i.i ^]|_j*Jj LiaILlI 

jjLiJ i 4_ix_i_aa J)_J-a j ) 4j-tJaJ j-a 4^]jAj| dlV4Li-a]| j ( 4 aa-v.’i j) di'^jLi-a]| o4A 
(Jia.J jj jjLLuajjV jj^ Laj j4. \l (JSjiJl Ja4j 4 L. ,'\a L_uS jpi 4lal£ 4^. ja^o 


t j \\a\' ,alc-j L-''w>.Lljil 


(_jA 4jijjj 4ljijj (_J4 (^gjJajjj jLlal ja>>i 4 £j^>’ia 1| jj^l a4l-a 4juJaj Vjj o4A 4_*iljj 
(_^3 4^.j 4jV j-aj3l 0^2 43j . j-a^j t5^! ^-SLjaVL 4ij^)a_a]| 4jJ^jj]| 4l*jj 

Jc. i—SSjJJ 4 n» a 4j4l^. dlj4^. jl (_gl _ jlijjSj V jl^allj jl_aj]| jl 4 j^al-Lll 4 ,~ijumi 
a4La]| jl jjLLuoJjl lA4^jl (^^Lll jl^allj (j-ajll 4 j^)I^)a’LuI ^3 j4jjj _1^jj 4^ jl-^a 
4_i_aa^ii. Jxj jl j^aj a4Lall jL (_$4]l ^>-aVl 4 4^.1 j «. ( _ s Ajal jl jg 1 -ia LaA 4aj4l^Jlj 

/Lal*Jl 4,jnalll 4_l^)iaJ ^2 4Jj3j jl j^-aJ La Jaaaui |JA j _4aj4L^JI 
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LiA ^] ^ ' j 4 , 4 \l A y. .41 4_; j L,' 4 , >>'m La] 1I 34 ■ ■' J VLLa 1 ~1>Q.^ _L 

<JllLijJalj j )]| ^^3 t4_Lo£ljj (Jllljlajj Lp 1 Ifrifm LoJ l^Ljlla t—lL ^P 1 V) 5-l j }iaj]l b4A 

.dil jlaj^l aJig-3 lajjli ( 3 =^ ‘■^liLo .aaa taLjjallj 

^aLI AloS 3 n^Via* ji 4 j, >>1 ij 4aj^IaJ Lb-L-aa ^a-al ^Lt]| Lp° ^ Laj-ial^ L)VI J-Xyj 

LlliSj ( j ^j£jLja 3 -q-L] jLi ^g-Ajjja]! <vLjaa]| ^jxi\ jk ^ i* wn ^Ailal 

L^a l*-uij ^53 i LHJ4J a4*j Lp'J 4 ^SJlc. Val . 4 umYiA Jj.laj L_lSIj£]| (Lal^^a ^ 

U] (j^a^C. LuAic.j . 1 —iSIj£]| Lp 1 (jJjVLo]! CS^)j CS^W^V-]I *L_aa]| Jj 4 mYlg ]| Y'lqj iJVl 
44 j*jjVI jjl-»<a]| !^gk 4j^£a Lyl^Ljl £j_aj t^^ajlall ^]l»Jl 4 mYlA (j^JJ ^^uana'iljj] 
Lps la 3 a *Ljaa]| lilliSj e^LolIj LPbJ^lj 44J4la]| dlaaal dllAjj t4_iiJaljj ej j >^11 
^uL 4j*alj]l ^a (_jW Lyjj^j^l 4_uiij cLaj]| ^k l^c. .aaj .4* ^ mYg]| c_u£jj]| 

lA^jiaj L^ 0 -) ^S^aJlj ajLo]| jAl j]a L )^ 4 <■—aj^a iLlliSj 4 jxalifl]| Lgjlij-a ^a Lp 1 

jjLil t~- ” Yj >J JLaC.1 L)l ,4-JtAjjl^ dllilSlj dlli Y I'n. n Yt f 1 i >iq \1 <LuiAaA 4 L .,,1 

3 j>^»»]| (JaVlj j»laJl lilljA L)l^ 4 (»V-aVI Lp 1 3 J~'^ 11 4ajaa dl^Jal LHjjj 

(LjjISjJ LgjtjJaj (_£4]l 4 LiA. \l i'Q-,j La£ .4»n]a]| (J^ia 4_uilj.i] ^Jajji _j]lj 4 ^ vVa\l 
^-olaJl ;L) ; ^'^-]I 3^4 dlj^jjaj 4_ijjij]la _4_ijLdj]| 4_oAi. (_Ja.i Lp 1 4 » nJall t _ s -]c. a^Japjil] 

© _ 


4 *>i.q I lx]I 4jtJjia]| jAl^jJa t—fl\. Lu£l 4_Jjl^aj 4_llj^]| Ly-llj^l (LjjSi ^a]j ( ^ Va’lll j 
t^j^ajVI t^jz- Ai^a-a j_^a L)4_$4 j Lp 1 1^ t5^ lA j ‘ jiJ V^ -llaluil Jialj 

^Cj^o]! Jla Ajj^all L_lSIj£]| Jj^j-aj] 4_jjLjaa]| LA^I __p»a]l (_5-]| ^pJdjll 

t4-olj 43 Ajj aJja. ej t _ 5 -iJalj 3 ]| ^LoiVI dl|j (■'‘ll3-i3-vL.a]| (JVa L>° 4 cJ^Oj 

4_j^jjI^_io]| 4 j^Luil f I Li-s. VI 4 _lluj L) 3^-3 i_ 1 ^ 43-0 I Jaa 

J«aj c"na f.\ I.>»a]| ^Ic. Lp 1 (LjIjj!Ljia]| ^pia ( _ s -]c. jjJala Ji 4 i& ^ jjVI (J4J*' 
dilj l_j4joiI jail al-gijlj (_S3^VI t - T J SIj^]lj 3*a]| ^pjoJl 4,j‘il >>»a]| (."jL^^q]! 
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£jLoJ! Ij-ujlc. cAAjI .A_^^)il!j diULai^J! Sj.vi^Al 

(J-0 cAuj ^ IjjlS ^)L£J Alij^>Jj£ AllAjS I_^C«jILoj! (Jjil! J jAiC. J jAc. 

^Jj (Jjjj-oAIoJj 1 g ^Al Cj\ h^kALAl ^Jl ^iaAl (jVI ^ 

j Cll3^)!ic.| cAJAj dlij^)j^£] (^uujaII ^LiA^A -0 ^9 \ g ^j4 jI 

V] (j-^odA ^ >1 "*w Vj IA£ Anhll ^laAl 

# 4jjJalj^)]| l^lLLoul 



jIAaj Lafrdaau (jc. (jldxOJU £ * La^da (J£ ^Jjj ^jdajVI ) C-Jdlaull Sj9 ^^ALa (D 

.( 16xl0~ u Neuton IsAj^JI) . 10 7 -Jg 
?S^)jLiaJl ‘—filial ^ic. l Vqj <jl£ (j-® dxji 4d] Ajd: lJ^ Asdic. <jjjd Aj^jj (_jl£ IjLa ^) 

^jc. jAAlc. ^^.l^)j Lalu co^l^al (Jjjj-u <GLi^. ^jouc .j ^afLA! Jal^Au y* (J£ (^) 

?Ub^ jAAlc. ls^ Aala^ ^_)uaaAI AjA^^>-® A.j^ 

^ t(jjl. uAj I djVAsua <A ujAi ( Kurt Godel ) A^jc. djjj£ l_LAAI ) ^ ^ ^Ic. ^ @ 

ajA£ dj^/ jU-« d lqj A J >c >jll ^ic. c.ljj]| ^i] Aaa jLAI A^lai ^jfLaJ d n^k j A_^a^-a *<jjdlaJl 

?<AA ^_A C ' (A^*- 3 ^ d Akii^ A*diC- ^dj-ai ^jda^A AaLuAj Aadaljj 


t£f^§ XX 



l$j\jij j^'y Al j a^Paa JA^. J* ^^j\-uS)!\ (jc, A q ** uxi<Q c> 

dlll^t A_^.dLaJ jddi AllJ^\ odA A)-^ ^dj aLoljV! dA jI 

A)C. 1 Lg <Loj!)\A1Ij A)^ VI t^lljAl IdA JAq ls ^ LAjIU djA^ 


«AJ 1 ^*** ^ ^ l* ui, yi fidA (JAq 
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^Ujj <__s jxaiia (Jjlj 4 -il.ac.VL jLLLI J j^-j Jajj <—ijjc.llia (ji lijij Jaa 
Cy o^ 3 '^a ^llc. j jj jal jaa 4 ^ l 3 0 * ’) 3-ijlal^)j& jA p yJa jail 

jlrLj (ji (J^-Ntail (j£aJ V" ;o^).;g tail A!jaall Jjxj 4_lj 4aUaiiL Jjila (jj^l i_g^ «'(_ S -L 
(_^a Llkjjl j^. (jl ;(f» tj XV. — V £ 1 j) jjliji Jla *ujgjaj ( _ s Jc.j _ (_>aaj ^ (j±i^)a 

dljjll (ja jjj£jj ^La^VI (jj 4 A ajiaJl Aijxa ^ .j Itsj V (_£-^i £a*_jall 

.Lsjaulj ji (j^aj Vj (, 5 -^ V (_ 5 ^i ° JJ» ^11 

(Jlaia]| 4 ^qj'q^il jJlstJI J J^-J (J^ajJSJ (_5^ii a^)Jg tail Aliuila (jjJa^LV (jj liLLm Lj£j Jijj 

t 4 ja jpi£j (__>jjI j^Jl (jj^jla (jc. U]jac. V jl£aVI aiiAj tJiLa^lj jl£aVI 

4 -LuJa ^ (j^aaill (jl VI 4 J_j^._j]| (Jj-al (_^a A-iiaLaVI a ajaaJI ^a c"'Ijj.>»Ij^)]| (jl j£l La£ 
dalci jaj .Aj^la jl Aajljjja <_ s ^c. Axj*j ^Lilli jl jyAl^ (.^V a >>»aj (j^jJailal 
l*j‘V a!*JI ^Jali 4 aJjJc. (jjja^j aJUaII jl£aVI cJ4 (jjJaVil dl 

J^=A\ jJl*Jl (^a (_£^)^J La 4 LLa (jc. aJjatij aJ^j^a 4-Jliia jl^aV Ajlmla dll jji.^i'i 

_4_l^ac. dlj|(ja 

Jaa 4 Iaj*j Laj A >>»g ill j*ac. (^a 4 cillallj t.^lyil’sjall ^Ic. (^a (JjlgJl jjlvili j*jj jj^j 

_(_j^1uj La£ aJjJ^. (_}ajai (_ s ic. j JjJ^. (ja 4 AIulij (gijA^Jl ^]L*J| JAlLaa p^)Ja JjC .1 

©_ ujSU ^Ljll j ^tuli 


<">4 t ♦ 4 ♦. * 44 

»a AA I I >^ l 4 . H » lfl_A_yi 

UiHH !«■■■ ■? CLBiBHHI 
V w 


dijl£ JUlljj L-a4 aLlII Jlc. ^jc. 1 Vj 

f. jjJa Llk ^stJj 44 _aUsla] 1 ^Ja-uj^ll ^)jj-ax]l (j-G^) L5^J 

Ajj jA^l a^)iaill oAA ^ Cli^Ja jl_kll ^lUl Jjj jj^lll 1 a 4^aU11 

^oJjojIj # djl^a-uill oUrJ jjg.'ill t _ 5 -ic. Cll^lj O^^jVl ol'J^^l AaaA I i > dlla ^1 


jpi ^c^j]Lj (j^^j^-VI Aa^uVa] j .■ I' ^)a (^ic jj;<ll jjjUII (>* ,at jlL 



214 





I3j <, y*!liC- ^3 A'n.wll A_LuAi]l ^)j)g.)^ (_ 5 ^- 


^CllLijJalj^lljj aLlIL ^»L<uAVi 


a3A Clllkj 33 j # CllljjJalj^)]l Ig Iaj a^Ix!) ^3 by±& Cjl^LaJj L_l^)xH jlS iiil3 ^3 

^ill a K x^li (j^j t _jlflaVI o3A cIiIa Yi 3a] .Ljj^jI C5^) ^- a ^3^ g ^ 

3jjC’VI .Vq'ic. 1 (jj^. ^ia .S^jluJl Ailaiill A^ajjc-Vt ^a la-all (_paaUj ^a YjI3j 1I l^-La I^jlc. 
J£a ! ^UJI ^i] a J^kll g3a (JIa I ^XujJ ^Ja-uj^ll LSJ>^ A L)\* A_se_nial] ^jJa\j^)]l ^oax-ViIIj 

# Aj33jj jJil ^u-o 3° y& A x*iVi 3^13 A)\ 3° ^A A a. nJ-ill ^3 3 ^^ La 

?Ajt_nIai] A_i»Jalj^)]l A-xJajVI 3*" Cl±^»j]l £-a JjjUali] Jdll ^llc. ^3 Lp) i. Qj^3 

! ^jAx-Vn 3j^ I.3A (3^ UW 3j3^. L_lA3-a ^)j)g,)^ (J^lk 3 d c_jl^^Jl ^1 3^1 

£jUa dll 3 i A x>ig \W jx-at 3° ^JjVI (jj^all C 5 ^ 6 dll u>»\j^)]I c-Loic. (JLoC-I dljl£ 3 aS ciilYlj 
3° 3 xjI l_iIA3]I (jfiuAij t Jill A»,U/i La A -ahc. ^JaJ AjjJalj^)]! yC- dl^ill (jl^J L 5 "^ 

i A_*_nJa]l ^jAILo] A_idalj^ 3^^j 3° 39'^**^ dlliiJal^}]l c-Lolc. 3 ^ic- 3j£li]L ( iiil3 

3^jJ Loll A_*_i±la]l 3^.V L_flLujj£l (J£j 4 ^JlaJI I.3A s-ld £-a Ig xa*\ 3° ^jjajlj Ijjl^ 

t c. gdi^Yl A aJ^ic. t _ 5 -]c. 31 }] j 3^-^-^ A -ahc. ^ic. 
3 xj L-ajj-ad.j A^^.!>Ul ^ c ^lillllj dll^J 6^)lai]| <j! ^t- 

# CluLS ^A3 xj 3 *j J ^i^)l^J3 (J3 a A-kaj^lill 


Aiuilill j C_l]jjJalj^)]I 


© 


<imla!3 \ imiij^ Ju (_$3I > jl£ 4 >>»g ill j^c ^ Ij^Ja <Jji 

jjx 4 SjaaJI (jo dl^allj (JSxSJ ^cj^_k^a]| 4.1 ^.jj]| " (jl4j]lLa dl^L^.j 

(j j )Ja]| c_l jj (Jlljl£jJ JIS A SjaaJI Jj (J jx^a jllj _4liuil3 (jo "A^l 

Ai^)a_<il] 5-Jjall ol^VI (_j^-3 t(_^^La]| Ia^)A ^gS (jjSJJ (j^Jall ojlA (JlLa jV j>>»\j^3l 

Cf- (_ 5 ^l (_ 3 jJall (jo L iillaj j 
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aJ4clll-uialj jll jps ejAiS 4jj£La jA \<ag l.a (JjVI ; jLJlc. jl£ 4a] 

j»]l*JI Je. 4<JjVl jJUl jj>^alic. jjjlj jlj -Lg ]a«JI j£&\ ^llc. jA ji.VI j ;<vL-iaa]| 
^1 -Vj.uiI jc. bjIjc. ^qj'q-tll (JlaJl jl _ 4_}jJaljj]| jJC. 4j4La]| dlLbaSjl 4_ic. ^ujj 4(_gjlj]| 

- Q ^ «j 4^_m]| j i,_ LUji]| CjjIAj l c . ^ ' Q \ .1 ji ^ j j 1 i «aj 4 aal^a 4_±j£Lo jl ~iUir- 

j»J dllj jiai] (JLul£ ‘La.lA'im.all dlli£l*Jlj UjJaljj LL-aj ( j^.VI (^Ic. LaA4^.l jjjlj j4jj 
( jjlia. 4Lauj dljl£jJ ^^Ic. jl£ lillj (Jofuj j^.1 >■—llj jlaj j-a I g >HVual 

^Jlc. ^ dlLi£j4i]| 4_j*Jj ^1 jj 4]] I g. i\ >u.a <axula3l ^gk Ijj 4 c . '»ll A -st^iljj <]aLluij 

;4jjVI dllc.jj_ia j*]| Aiiuila alb (JiLi. jpi 4_*j| j ^1 (Jj-a jJ 43 j 4<4llljjJalj j]| 

j j ^.Uli j£al Ul ~\ 

4. 11j.m 1I jps jj£l j jij V A>jj ill J 4 4 t lUa a jAlla (J£l -4—1 

(JiaJl ^gk 4j jlaS lgj£ 4£ j^JI jLa j]|j aLjaall j (JLa£]| jl£al jl -4ll 

4_j| liljJll 4_jVj ! ^ j ^-ja Uli j£al Ul ;a4^.lj ^LSujjIj 4jIj>> sj3 ^ja-s j L\j ja jl£ 4a] 
.jjlLiJI 4j^.jJ jpsl l4^]j [(Ja^Vlj (_g .a > uV' 4j^.j jps 4 j ila 4(Jal£ J4C.J ‘ j£aJl - j' a 
.Aai^l 4_i^lj]| ja l^ipsAl jps 4_pslxJl 4_i^li]| ^ya 4j 4_i^iAl 4&I JdulS ^33 

Je. Ij^i 4 !^gk !■_ UfVi jjl (■_ l-yj 4_ULJjIa]| a jlaJl 4i^)x-<i (jl 

CjjISjJ 4 Je. Ajj^Sj (J^t«4>mII <il£j jl, n-AV 4_i_ia^)a jli uliljjJalj j )]| jl 

4~~''j. >*'jjll di^jj^ai uj^. ^4_}lii^j]| 4_uiAi^Jl Jj l^y^LLa) aJji^JI ^jaJl 4aijI- , \ j’s."!' \ 

O_jjjA 


^Ualkjjl ^g li« ll ojj^alij Ajlu>»ja (Jili. j>a jAj _ ^La^Jl Jj (JjLiLa ^^3 Laic, 

jl ilAVI (Jili. j-a) I YiW-n A^iuilaj 4 j i/iLj (jjuaii Je. Aj*alj^lj 4j^. j\\ ulilajJaja ^uij 

J n.'D'il ^ AajaaJI jc. 4 ~~'-s. n ^AjjJaLi j]| 4 jI ji-v 4 , j^o a jl-iA JSJ jja^ll 
j! jfic.1 j^ jl La^ . Ax-nlal] ^^jJaUjll ^lAj^ajll 4jjaa. ( _ s -lc. (JlljlSjJ ^"IjjI ^1 43j 
^jJaUjll (xLaj-^ajllj J^JC.1 40jj^J 4 jjljll C. j _ 4_}jJaljj]| djlailstJI ^^3 j^J (Jl*Jl 4 qjq^> 
IgijAjj ^JUJl IgJ 4ill L_u£ (^1 <ilj 4—ilVl 4_}jJaljj]| IjAajiW ji (jlj 433 j 4jtJjIal] 
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La ^g]c. J ■ a 4 » nJajl jjc. 4j3^)a-a La L)lj 4 S^alj 4 »K 4 _Aj£ L_lxj^a]| ^-L^aJ 

£_£4Lia] liaj jJlstJl 3^- 4lll (jl jjJjJJ 43JC.I lilliSj _4_}jJaljj dlliilsiJ 4’ir-l 1 ,^ 

3-^Ljj iLlLiA l^gli LaJ S^aUaJl eVjA jj-a (j£ o.lq'ic.l La ;-LVi *LULj .4_iut_a 4-iiJaljj 
^ajjiJ L j^Lii]| ILa # 4 j, >>1 >j ^3 (J^-au ^g]c- Li] jfic. ^3 4_uiii (_y&x j 4 » 11 L>\1 ^3 (3-aLLa 
_^jJalj^j]| (_Jjlaj]|j 4 ]-»^>^La]| (J]jLa. 4jtJ±]a]| ^2 dll-iaVL JjlUllj 
all La |j\A V p ^i_ia ^a]| ILa ^3 ^jjjxj^Lj^ll jjc. 4Aui]ili]| U^J 

.<LaJilI]| 1 L 1 I jss]| ^gi 4_J] 


0 Hobbes 


(HVMo 


OS 



j4> 


4Jiiui]ij c_fl^}C. jjuJj3 ^A 3 ^ (_}jjLa J4 

4_a]L-a l(JljjV 'o34' a - a ^ 4jftLa!iaVlj 4_LuAna]| 
A-Jalm-i t 4jLkjia ^^A Lg_i3 4 U>aLa JjSij . j»j-Jl ^^gja 

^jJaa]! 3° ''L'* 1 . 1 jaLLuiJ ; -.g >>»» J £<a (jL;Llj]I (j-Ult 

4_iila^]| dlLa^V] (_g9 Cj fi^a]|^ 


4ijj«-a]| Qjd lal!ala"(_JjlgJl s t _ 5 _ui]| "^jLiij]]! tail 4i]lLa 4 ^»lc. i L_uS 4a] 

4£ja 4]La oJ)La liJLiA ^g-ajlaJI LLallc. ;bLli i ^jlxJlj dlLijJalj j >]| ^2 0^)3jiall 

4jLxlall j CjLjJalj^j]I 


4 jSjil*s \* 4_iLaC. t-"v Wia 4 imaJI LiiLjaC.i ^^3 dllc.Lilaj| 4 ]jj 4_iajla]| ^Laia'i/I (j]j JaSS 
(JSc. jji..-Vi 4a jj V ; "jjjL]| 4,» 4_Aj£ ^ c_ uS La£ .Li]jsc. ^ iLlljaVI 4]jj 
3^] l 4lalS jl£al 4lal^jj ^]jj V (JiaJli -t _jjia]| eLjaC.1 4_g-]c. Vjl ^aj ^] VI 
4j-s.aj (_}jia]| t-\ i.>»c.i (j^ i— iLouSL ^g]a«ll ol jia_a 

£-Laa (_jc. lc.Li!aj| Lia3 4 ]jJ bLLa C1 i]1a]| ojjt^»3 .(Jsa-ll jj 2, <iL}LiVl (JLu 4]L^aj| 

_j^3 (JiaJl 4 _gl^J ! ®jLa jA La] Sjj^a jl ^ Laj S 4 _g-ai (J^ (j)j 4 d)Li]La]l 
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(ji jjall U]j'ar. l AmjjSj LaAic. Aj^)*_a]| /aALa 

Aa^. \ g ic. ^ujj £la 1] A_ijJalj j )]| A_Jl*i]li nil |AA JiLa aIjJ ^j\\ ^A A-daL^ll 

£eJj A a la-v. \1 a ^al^3j A-9AL-a]| A9 ^)jl/i]| ^A A \ ■ d jj^l Ai^)x_a]|j ^jLl jjall ^]L*JI (jc. 

4 j, >> 1 j j o ^ \ l_j_lll 

(ja I 4fljlsJl (Jj]l_J IgJaJjj dlLljJalj j )]| (jc. ^ilA A9 J>JjA jjfL dlLa]£]| aAgJ 
^c-all (_^9 Ijij (jjAll A_LuL5lA]| jps (JlxAl (JaaI Aa] t jjji.>»lj^)]| 

_Lj£jjl£j^ i_J^uij 5jaLh a Vi’s L> 


© Locke 


( W * £-VTH ! ) SAl 



© 


|Aj LaliLa lilj] UJ^ id A-ljdJl >$3 (JAillLa ^ 
Aj»Ac. (jAaljj9lj 4ldljl£jA jps jjAajajll ( _ s -lc.J 4 _^JjA 

A]jJ jjLoijyis ! jUd^l (Jac. AialS jl£9l 
(ja dllajlx-allj Ia^jjAj ^LaJ 4 At .jli 4^jli 

jl^Vl a]jj c^Uaj . A-^di]! (JiVi. (jaj (_}a^Jl (Jila. 

;Jla A Lji ■-. i IaLcjoi ^jl^sVi &AA ^jAaJCj _ A jaJjouli 

A_l_jjlj l&Laja (_£^}di ljl£9lj 4 (J < Sj.m 1| j AAajll j Aj^L-all 
ji ... (_JjA]|j (j^jl]| dllij-a ;(JiLa 

_ 


dale. Aiyt.a ^A A_iAalj^)]| A9jx_a]| jl (_S^J La£ . jlSfiVl »AA (Jla -laJJ (ja (^Li AijJLxll 
jl£aSn jL ^jxd AjV fi'ji ^^jlc. AAjxjO (JjJafl jA j A_i£iA^.j 4Aj9A ^Aj oAj^ij 

|jl£a) JajJJ dlL}jJalj j )]| (ji La£ 4 ! g jlc. aLsjE.VI (j^A A^-Aalj jl£9l IgJi-a (J-alxjj ^gj\\ 

ji (_)Aajj9lj 40 ^AoLia]| A_uljjji]| Aj^)a-a]| (_)Aa9j Aa] (j^-a-l A j, >*1 jj (AlilajijiJ 

4 t lA-vil (_g j9 <il]A (_ s -lc. (JliLaj A >>»<alfr dJI j La aALall l_uSjj (J(jjli^Jl jpi 
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4. >>».al«Al 4ij*-a]| (Jj] Aj^iaj (jj£j e^jAaj]! aAgJj a'VI (JJJ j9ljj]|j 


\j& .1 A 1 ia< qI ^~- 1 ^ mo i 


L^jlj^)iaj j!>U. ^j-<a (_£^L<a ^jC« ^J cil^j £jJaj ^1 

g^£j^a]| A qjq^ll ^ 5 ^ jAx-^aII I 1 a l-lii Ai^>*-<dl <jl <j-a ^c.^) 11 jj # A3^)x_a]1 

.Cj\ U^ibjll AJajajl^Jj J}J^)la ^jC. t^Jj C5^ LS^ I^A cJ_^ 



.© Berkeley 




_ 1 _ ( WOV-HAQ) 

t_g* j ji jj-iii <Jja jjj j; jj^ U “J > ^ 
IaiaII J i_$\j A99 .A y\\ 4jt_iila (J4_JL1 a]| 4j^L1Vi 
(JjLuaa] I^aLaa lAjAgJ (JIaj lg-l9 aJiLallj dlL}jJalj j )]| ^3 
l_ya A*J y&y (j3UJt ej^slj (jjAll ^3 ojLlS 

(jc. (JilLuia ^llc. J j] 4_iAa9j ^3 (jjj]l£jAl^)]| 

_}jjgj I^Aj 4 jjJaAl La] 4 x.jL clll-iliiSl aA9 A9j J '! r -J 
t A y^. ^11 4_i^)laJ ^u^LLAI ay iAl^j]j 


^Ac. 4_;ALa al jjjij yC. 4_^jlj \jj9^)*-a (jl Saiaj _j]j y}y& y* i_k]LL. A9 _jg9 


U] jSC. ^ ji-L. (^aLo ^Jlc. J y) a£L*J jJ jg9 U] jlc. 

(JAaAl 4-ibl9 yu* jA La (Jja !(_£^)L.i AaVjLoiJ ^jAc. aAA dlL}jJalj j >]| jja 4a9ja Lai 


Aioikll y L* U >ll l^jU 


^JlxAl |AA 4_iALaJ lAjjjli t^^jLiAl Jl*Al t_L-aj ( _ s Ac. ojaAa]| IgA 

y^iC. (_^pilj]| iS jAil ^jLoAl ■ >' a~»e. VI 4_g_]L^a «-iAal. .< \ l a i*sj Wj^ 11 


V a '--^ L J Clll9LLe_j L_a yj^zxya ^ ^ ^]lc. 4 ai'a-<. 1 

1 - <» aJalj dlL}jJalj j )]| 4 g jl-N<a _jA 4(LjLljJalj^)]| ^alaA ^-^aj (Jjf^ (_g& t aA» 9 La (jjj jjx 

^jU] AaaAll jjxjILj (jLalLa]| . (JjJalilAI ^ iLJj^Al ^ Iaia]! y&y IlgAalaj 
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L^LLuj (jfL ^ IL&j .(XVH jn njVj clHj^ CJ-^ l£ l)- 0 i^ix-a 

L_jLai^. ^jl ^jjc- ^ *A.v w ^ A, \a^\ ^jxa(_jJ^)l-liLa Ajjoij <■_Li^S J aIa j JjV La^ 

Axj Loj3 ^ ^ ^7^ £ A t> (^^Wj ' ^ ^ju^ ^5 (jl^ J-olilllj (JjJali!ill 

l^J c^jjl^lLi^jl jj (Jj3 4 4_1i1a1I ^juojVI -Ixj L-ajj^a.2kj l^)&lj ^ ^ >1 

4 ^l-Vii (j! 1 ^jn» <q Ciilu^bjll J<!iijaiii] 4 -xu.uIIj o^)-al LS^y^ U^J 

(jl La] ^j^alLuji V Clu£ Iil9 .JbJl (jj^ 6 ^Lq tfi cilLaj V AjjI^j La j ^.L^aJl 

|^£aj # aj^jVI o^ x }) *^y^. j-g l^-jl j) (j!)UaVI (^ic- y* y^ uj^ 

^]L*J! j ^j-a LLlg-j <il .vile. 1 <2pLa £y* ^^Lall fllxl\ 


.Q . H u me 


( WVl-WM) ££ 





(Jljj V jAj ^a-lm-JI ja]l*3l j»jjA Ijall (—ijj-uiiaJI J)A 

i_Lu3a jjL^j iaa AjoiiLJI (j.ui 

(Jj3 Laiu3 .SIjjij Ijla. J) 3_dl£jll^)]| sjl£alj 

jlSaVlj (_gm-all dlljiyi 4 js i^Jjjj cJ3c. 

!(Jax3l L3£ jjJaSj ^jjA (jlj 


siuii (jc. Liul t—i^jaj V UjL lalixj 111 t jVij]| l_x_iila (J^3 <vL^ 133 
jj,^.'K l^£jAj ^j\\ dAc.ln3-iiVlj jl£aVI (jlj . 4£lji] ^jJalLaij V jUi. LaA^^a !(Ja*Jlj 
© CA£ 


(j£ (jl lilli (jx g,Tn>alj .(.lilc.liJ-iiVI o^3 4qjx-la (IjIjjjIj jjx JJ^I (■"Ui.nl uLil^lajcVlj 
^ 3 j ; (j^- 1 -sjuli (_^v ^Jim's dll£ljj| (jc. ojljc. ^Jjiall ^^.jLiJl ^UJI IjlAj (jjjljll 

(_gila3 La£ (JaxJl ^jJc (jjJa!3 13 ^jjA liUAj . IaJj^.j jpi iSljll jj^aJ V ^ 3j3*sll 

<—lLulalj^]| ulul£ la] jjA YLuila ^ LllUjlaljj]| (jc. liLa (j^]j lolLa]! ^^Ic. (^3^^ 

JjlVill JjLs. (j^]j il-AjlSjl ^3a!LmJ j»] A m3 j ^ajjAj ( 1^j^_j]| (Jjl-^ (j^ cJ^3 A jac 
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jjc. (Jxa. (jC- bjIjc. 4j^j]| 4jjJaljj]| dlljjiij]l ji 4 jIj l. Ua^.14 .4 jqjq-.ll lg'i.ajq j>a 

jja 4 jjLji^JI dlljLa*Jl ^LLa9 14 aVi-. ^ jjlaj 4 -V. >.1 j 4 ai'a-<.l 4 j9^j> 

La. jjJaj a 9 j jj Vj 4 _uiij £ ^^ja-all jlj£j i _ s A £ = Y X Y —\ + Y 
_ 4 _ic. j; ■ >* ^all Clj^/LiLaJil! ^9 4 j, ,'j\j oIjLS (JiiJl aj 99 ^9 ajj& 999 lilli 49 L_iaVl 4 

49)1 9 jyj L/j 4 w i‘~ 1 jj L,H AjjjaaJI 49 jx_all ^Ic. <JJ 1 II £-)la!Ljij V 

jjfL cillijj . 4 qjq-.ll ^£. (_£ j'i-s.'i aj-.» /ill Vj 4 »ji3-i1| Vj Vj 

^9 4q.^i 99 a. (_j-a lg-}9 Laj 4 ■yj'iill e9A _ 49j*_a (ja (JaxJl alj) La ^9A 99 ^ jjA 

_ "dulS" L-a j.^vLj jxliill jj9ll L £J^-a O “® LX C 5 ^ a jj jjs djjl£ 4_jjLaj]l 


© Kant 



Oil* 


(u.mvu> 


^jC. (j! Ujlj 

JJ-ad (Jj L Vftj j # l&ddj j 

S^Ldl dljlgJl (JiJl jlgJlj # (j^3la]| 

^j-<a AlhqjlJ ^Uil! o^A ’’dljlS” die. j^)3 # liluj Jjjj ^aJJ 
dl!^)j^)daj JIj^uj (jjd 4_i3 ^Luj ^dlUl AjIjj 

fix \\j (jjJl ^Iddj jl 4_ll& d3 j (jj^l 


Add] I j dlijjJalj^)] I 


aq ) ^Ji Lc-c 1 aq ,/ii'ViJ LaAilaj] (J^.1 dil^iuJI 4 I^aL^. ciLill 

4-L.ola aJlLj Lq ij 6-iLikJI l“ ia \ 1 4 <Lmla 

M Jj^dl! AjIj£ 1 g \ a >.^") 


dV jjaiLa C5^ • ^ C-)^ ^ C5^’ ^ 1 AjJlj A_9-uilall dljlS d] 

jjaj Luj^. V) dljl£ 49uil9 jjlaij j] ! Vjl "iLjjlS" (_>Jj4J (j> 
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4j^j]| 4jjj£jj]| i_ijljtA]| (jja*J (jl 4 aL (JjaII a-lLlLaJ ;Sljla c_u£ Aal _ JaS3 

(■"ilu;-»j3 ( _ s Jc. jlaj IgJV aAjak ja (jjjlia. ^^A tAl-s ill eL jjillj Al-s ill (■"il Jj.>iIj^)] 1£ 
diljjJalj^}]| iAaIj^jAj (J£ (jl ^g. lc. "dulS" a£I All 4j^aj]| t _ s -lc. Vj 4 -<■. ^>11 4 aU-i * 

?(Jjjli^Jl oAA (Jjaj (JjAj IaIa] jA 4^.^Ja (_£a]| JI>J| (j£lj 4 (Jjiaai (_gA Igjlj^iajj 
?(."il j U>ilj^)]| l”i^.'v'i IaIa] |(JaauV| (_jlJj-tjill (_5-lc. 4-J-a.VI 1 ijlc. (Jljjjdll |AA 4_jLa.3/U 
4 n >*l ijll dilj^laillj dila^jAlHi j 4 ava-\.U SLJa 4 j, >*l jjll 4i^x_a]| ’'tTiK" jir. I Aa] 
4 JiW~iU 4i^jx_a]| |(jjj3^jiA (jjj diilS Aal ) 4 jjj£jjj 4_i^)iaa Lal^ai 4j 4 nuillj dul£ 

(jjjlaaj (jjj dlliLauJI _jks-A\ jA ^jaLaaII 3-»-nII (jl o^Si 4 ((4_uj£jj]|) 4_i^Jaal| 4 Ajjia]|j 

ia.1 jll ^ 3-m j Vj 4jl> ma!| ^j-a3j 4-aliiujVI ij^J^^a O' 0 (jj^4J 4 _iu£ jj SjIac. ^^A 

oAA (Jjaj Jj£j (ji (■_ 1 -yi IaIa] JLa IaAjc. Iajju dul£ i_iAA A3j _ _ji.Vl (_Jc. btalA 1 AgLa 
(Ja*JI A-jJaJmJ <. <lj^j "(jjjiaaj (jjj dlliUuAll _Jj-a3l jA j»JAJuia]| 3-vn 1| ^j| " • 4 qjq-sll 
i.’natJ 4 tillLaJ lj]jAC. (jL 4lluiVl oAA Jja i _ s -lc. dlilS (.. \\.y\ Aa] ?(JjliaJl oAA Jja 4A^)jia 
V Ujl£al (jl " ; JliS AaIj .(jjAaJI IaAIajj jjI^aIIj (jlA_JI (jA 4 ql’i-s a V^aaI 44-^aall (jc. 
Ja*J| (jl _ "lgmflj 4»ji3-»ll ( _ s -lc. (jjj| ja]| oAA (Jja (jja^)Aj (j£l 4jtjjJa3l (JA Ig nilj3 
(JKaII j_jaA^ jJb-aA jjV (jISaII jc 4jAUjj^JI CaU^I jjAaxj (JjAij 4j£jjIajjjI !i j ^.-n 1 ; 

4(jjjlaaj (_jjj dlljl >ua!| ^.-iM jA ^jsjuiaII 3tn1| ^jaLiaII j_)Aaxj3 4 4 j3 A_j^_ja 

lgj£ ^4_i^>laa 4 dulS IaIajj (^-^) l^^aIsV LS jl^jjll 4j£jAj c^U.'l ^j 4 IaJaja (jj^J JalSj 
A yz.ylj 4jAjlaVI 4,>aAlg 1U jja! Aa3 lillA (^5-lc. ^Lijj .(JS*J| dj| jj3 ^ja LujUJ (J^>ul 

@ 4_iAjoii3 j_^u^jIAa 


^ 4L-aljA 4 jAj13VI 4 juiA ig 11 (jjjlj3 jl lillA ^ja ^mTumi V (jajj _4 a£^)a 4_i^>iaa l“ ll.j>>a j3 

l_ya ^A IajIj jjjlIjAll oAA (_jaIjaI ^ll*Jl |AA .1 a.,-~ i A9 Jill (jl jl 4jJl*Jl |AA 4 t iL-a 

(jA AjV Ig. nljJj IbjLaj ^JJaHlj %Lg tj~t.ll 4 £IjA| ^aJajjl IaA^. jl (^ill (jLuuVI ^lua 

(jjij 4AAjlaVI 4uiAj^Jl 1 dul£ 4 «» Ai (jl£ AaI -( jjJjj c£LjlSjAj 4 jAj] 3VI 4..'V^ll J 4jULLuiVI 
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) AjjjAa (JLpal ^ * (_ps dulS ^aJc. jj^a j»c.^j]Ijj .Ajj^p^Jl Alania I iK 

lAg-ij _ ^JUJl IjlA A_uiAiA t_iLjJj£l £-\ Jalml A_il V) 4 Lwij^pJ ^ 4 

jjjj)jl] ^aiaia]| Ujbjtlj 4lgjjl£-aJ (■"iLtl-ilj^)!] ia£La.l dul£ (jll (Jjl]| ^jJaluoj 

Aliuili] 3 ^ajtll t*''ji >»'j^j\l ^pa (" (L ■>. A3^pt/i]| ^3 Ajj^plij (jij 4(_JlaJl 


O 


A i-fl aai I O . 4al A 


SiAA 


.13 j _ diLuJaljj]| (Jill jLiiVlj (JLaC.Vl Q-a A_ljlA A.J.a’s dl^pgJi (jj^pLiaJl (j^psll 
(JJ 4(jllJA^JI jj^-a (_^AaIaVI (_£jJ_ui*]| luj ^als .(JLLa Aj (jjiajil jJ ^aJAlLal] (illi (JjSlj 

,A_! Ij3a. IjjVl^ A_i^. j] ^Jjlillj A- 1 C.I * nil (Hll<vLklaa]| (JlLa t(_£^pi.l dllcLlaS ^gjl ojjL^J ^aJ 
las _ (HlLuJalj j >]| .a ^1 A_iinla]| A » n«-ill ajl&V A ,ag <q\I d£lii]| (_£l^.l e3A (Hul£j 

4Aj^),>u < s 1I 3llC.VI _ajj| ^g-lc. A-jSjaaJI lilt'll (jl (■~'llj,J.>llj j )]| (_pu_nl ^^.3 (jjlaljtJI 

(_pul.nl ( _ s -lc. 4 _ s -iii I&jjIj oi&j 4 A,JXJfUl 3llc.VI _ajal t^lc. ^giii A_i^pm£]| 3llc.VI (jlj 

^IjH^I (j-a ^al ?u)Ill A_jA ? dlLc.^a^-a]l La |(_]ljpm]| .4~*'l .all 

?3jl^. (jjA ajl^sV (jllaJI (jilal (_£aII ^gjLmjVI lM 

•T_^_ui Ll/L _)£ii A jinls (_pj_)lla oAc. dl^j^Ja 1 frjlc. L_ll^p^JI j AlLnall oj& ^Jl o^jjalil <■. ' ■ - ^ ( 

Godel ^IjJ _jL (_J!La^A_uijJLa]| o3A L_lL^jnal ; (Al cLlLL I j AnlliLaJl 4 ^jijAaII (J) 

C- j (j (~- (Jil—ujaa I ^ * \j 4^a dlL—XllS ll3—C.VI (jl ( ' ^ V A-^ ^ 1 

JjSS xm 3|3_C.VI oA—A 4. a . L A_i_jJa^)3 (_^j (jl jj—a L_A3 _j^.j Ajc. j_kJa^ajt(jLjuVI 

ALiaLi. jl A ■<■(■<. i 

Aijoilillj 4* iLjJal l^)ll 


l^gil La jSii ALkUH o3A ( _ s -1c. oj ; u£]| (■"iLj-il^JC.yi (jxj-ia ^^pa 
4 jjLjiiV I (Jac. ^glc. La J^iLi 3^)2a-a]| (jj^i (j' ^ A_JlLa]| - ^ 

^jJalj jjc. |3^3 cillj (."i.Wj 4 _Sj£j 

A aualuuJI A»,Liall^ > ' j^ ^ 1 dlLLl^ll jjiaj 1 W-l Li’i. .1 j Aji I «i.i^ i_ya^)A2J A_i]l!La]| -\ 
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_LJaji 4 -sdlj jjc. dllL i bliLa X Ai*JI jl 

l^gil LaJ JliLall (.. n-vj jjl 


(j-a UjiIaj 'j lijc. j ( _ s Jc. “LuL jjall dljjl£]| jjjj t —1 i-ag 3 A qjq-s (jj - ) 


.lao jj jlaac-VI 

jxaj y liil V jjc. ‘LuLijji]| (jc. LlaJ&lLa ji ^qjq-s jj -X 

,4-uIj jjall 

David) Cj^jIa dsL f»g 1 .aj dijJLall eias jlla^i (_£JJ ;(<jjjj^aJI) AjliuJl 4»ui j.1aJ 1 (2) 
J-iLajj ^^-Aj 4j_Aialjj 4_dl j-^a jJ&i <- "v ., ^3 dUdaLjH J\ 1943-1862 Hilbert 

( _ s _ia-a j_a jj_a^)]| aJLg-l _ dll jj-a^)ll \..g j-a A-£- j.a'N.al 

LaAjJC.j SSj JJ (JlLa j^s Halida pi ^jll (JlaJ l^LLa X _4_ixl]| .ic.1 j3 

La jSLj 4_ujJLall eilA ( _ s -ic. Aalidall dlLjaljJC.VI jx 


> aJ^-a dljLil ji tejjl.21 (JiLa tClli'il^ll 4 jK>all 4_ujJLall (Jdxj -1 

.4.13 c_uj V ^gjLi jj3 jpl£ a jjl.dl jl j^ 
.AiLmlLa 4c- j_d ^-all 1 g V il ^aj A Ju ^ jj L A w 111 j| j .a . ^aJ V A liSLulJl -X 


l^^li Laj 4 _iKj 4]1 4_ujJLa]| ji j£-aj dlLjal jic.VI b3a (JlLa ( _ s -ic. 
.Aj^La lllLH£ aULoVl 4-iaj (J4a IgJlLa ajjl^ll - 1 
i“u«il (^^.y 1 (■_ ila \y\ jl V) A&ui .La jjc. A-daL^ll i_ llaJVI ^j>ia i j_jl jpi ^c.jlLi -Y 


■Viiioila iIaa 


< _ s _11 1-lLlc. 4_i A K >a.a (J LaJ V l_ll_»JVl Qsi *J (jL.i.n'ij j».i_C. (ji _SI 4iL-iJa)/lj .cdl.Y.^ 

< 1 t~. ^ L J- /\\ | i ‘‘ 1| i Q11 
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L. ) Jjlj-J v<ttj 4—uijJLall oAA J \ : \aa j * «.wit 4 _*jjjAaI1 @ 

a^jLuIui jI.ic.Vi u'j <J-^ & ji (Brouwer 1966 -1881 

4_Ajou]Ij # 4 W \ j \ g lj^‘" CiUjI£ L ‘’ u ‘\^ Lg-llj 4 L "^ yy ^ ^ 

aA ^ \*) V CiUl^j^U jjVil ^ ^ijoj J£j oLiLaj 4 j.w,q ^jLoijyi Jac. ^jla ^^.wll 

;^Lo3JAa1| o4& ^C- 4*sl a\\ # lilia) 

# 4_i3 tiljJC. 4_iJalj^)ll Cllljjl£J! ^jj^a-uill (j! ^j\ Un^kllj -l^.lj V ^joj-I^J! - ^ 

L>* 6^44^ (Jj-QJ Ajlg-j^tll (jiaSj - ^ 

.Li^J^Jjlill j ^jJaU^ll (JjlVlll Jlo 6 ^j^Ix_a 1I CllLiJalj^)]! 

|ciili ^_Ac- /j jJ , n. W \1 L_L1^4j 

(Jic. 4^4C- -lie. ^lUl ^JU ^jj ^iLuiiVI Jixll ^ j* X tilLi& (_^iLil - ^ 

4^jLoj ^jjjjoj! ^Ac. 4j n^ll ClAjjJalj^)!! JJa ^Ao (j’ (JjJaSVI (j-a -X 

^ ^ ix ^ (jj-^J 1 $ 1^44^ I jl-lLa L_fi^)X4 j! ^j-a 4_ix5ljj 


X 


?4e-44x11 ^_^Lq 4j^)j^4a 4jluiiall Clul£ lALal (^ 

^Ua^.S/1 ba44J t Ja^a 4jii^_uj 4_a^Aall c.Ua^.Vl (j) (Jjlill ^jfLaJ j;*j4A 4j3l4 ^11 4 jjV 1 AijLal! 4_^xj (^ 

?till4 ^^Ic. (3^ *■ !! <ljla ^ 

^a3^)J tillAj ^j-a 4 jjuj 4^1I 4_ujj4-all 4-uLoill djVj£-all (j-a ^) 

?^jLuijVI (jj.ij.Vq'il ^f-a fi^)liull a4A ^^3 L$jfi cJa ! (j^-aiVI i^ c 'J 

AaLuilill ^jjj^l4-all L_ilj^. ^ o£ ^AiuiaJl ^4j4ulaVI 4j43aV^) ClaLujli^Jl ^I (^ 

?JI>JI I4A (jc. <ijL3l Cli!>£l! 

4a3 tiluj V ^4aj l4Aj i c_flj)A*j\jqll ^gjj Aal^il ^j-a Liao_j4j dijjlaj Aj^ilaxl! oljaJl (j) (jc. (JaS (^) 

? Aj^jlalil 4 \>/i ( i _5^ c ' O^J _^A I4A Lil 4^jJ ^j-a JaaJl c-_jj-al (j^lj 


tj^gj xxi 
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liA (j<a (Jj-aa]| 4_jj <J jVl (Jj-aa]| Ul^j (jll^j 

IgJ 4 4jj£a A£^}jt_a 4*bij|j <U 4 (JjjJa]| Ig -Ljjlli (Jila. 4dlLijJalj^)]| ("'fi.a .aa] 

dljj^aj ^ia tlA jjJajVx-a IgJ jl£ La£ lAj.llj>a IgJ j)l£j 4 1 g .ajlaM (JjLoijj lgjLlc.j \ g <aja 
(jAill \ g La ^jiii tjjjA jl£ll (j-a InVij oj^ll jj-a l iu*Vi 1-AjJC. qm _jj£I lg-1 L^-) j»-^I Ala 
tig J1—>.^0 I gjlc. jjjjAjid (jja. jjaill |AA ^gJt-a (■_ UmJj jijlLn ^ jLu-a 4_ilia ^aA j 

4jI^)C.j (jAAll Aj^jLj tllLuialj^JI iLuj 4^LLa jjj.ag’l.a 4(_£^)i.l o^a (jj jlA j o^a (jjAl^. 
j l_u£j j ALajUl] o^)g-laj ojj i>all 4-g-^-j JJAj 4 <sAj ^ t5^J 4lllLa (jc 4^1-yn 4 jljiaVI 

t^gk llwi IjjI Ua^.1 cliA^.1 ^Vl Iaa (JiLa _ J 4aja-sll jjj£j Lajjj K cs-^4j <--> IjiLj 


_ ^)^LaLi' J ftlSI "V jpai ^ jA^J Ajt-a-uiJ 4 iLi 

<1 ^^jll L_UkjJI La J|>J| ^)gJi JjVl 4-La]l*Jl 4_J^^J| 4_)lac.| ^ 

t-ulLa.1 (jl jAj A^lj t_ixuj ^1 ^yLu lgJ£ ^jL-aj/l dmijjli ?jjaill jps diLjjJalj j )]| 
<-r>J^l uM C5^J • lWJ-^' C5^ j' <.—su-all $. I^joj ^ '‘or. 

Aaa .Liaji A xajj l_iI j^Jl j^yij ! lS^- I (JljajJl j^y} 4 Iaa*j La j 4 A-uIj]| 4_ia]1*JI 

<Uj)La l Y jps jjjAAc. j;» ■ ^11 l_l]lla]| »l Lir-I 4 ^jLLa 4 Ak ^jlLall dlLlLa*JI jpi 

ajl^^. jjl£ \ Jaa.1 _jA jjli (Jl jji.iL 6.1a»<a lj^ui£ jl c_lji.>»ll 


(Jj tlLAjlaC. Jji-a t^J*Sn-ill all Ig-jjag 3j jps _^3aj ^3 t dlL}jJalj^]| j)l jyjj .ia] 

^>a.Li3l ji JlaJI jjl^3 (jL3j <LjIL diULai^Jl dijlS j\j ILLL l^ja La Jai diLAaxJI jjl 
<L^.jUI jja (jl j\^\ ^J)a£ JaLa l jA dlL}jJalj j )3l jja dlUlaxJl (jj -( jjJjaJI j) JJi.>ilj^)3l jja 
dllL g\.na*s3l (ja (_ga3-m \\ (J*SJg ll£ jl t (Jlajtll j» nill jja ^3^31 <- <n-i j£ jl t 4_iia3l 
^a3ic. (J’sjg’s Ig-najC. glitaaJI ajjaJ La£a _ jgl-LlI (JLa^.j (_}aai3lj ^J^jlj j».i3lj 

^ nl l .i-^. i ** il il nr. f~. ^ .i^ 1 - l '--i ^i~ t ** il i. ^-% 1 i^jll ^ ~ ■' •' i-^ll 'Va 

cliLlaJ (Jl jjjJl I La (jc. jjjj. >*1 ijll c_jU 3 L33 V la^. il j. >*1 ijll ^a La ; <jLajj a ^jxj3 

i ~~ il j ■ ^->1 jj 11 i L yx^l ^_a t L. JlLa _ L_ia caC c X o4a c jjLuJj iLaC j V ^ Li l ~~ i jl i‘n 4 aVi4 a 

j» 1*JI ti!3L l ^ s & tLiLuialj^JI " ; <_g-^ La£ -^yjiC. jpilj]| Qja3l - 4jil3-ii^)g3l 4 c._ ja3l 

"4 mUa jl 4jLaa. C n-s (ja jl.viall ^3 (■'‘l^.JJ (_^L3I 
■ixj S-ll-la. ^j^)3 _JJC ^** ^*4 L^a J 1 J j (jaj 4ia 4li^3/L-a .iaa t_kjjxL3l I La jj^3j 

‘ULall AjillaVI JJC. (■'‘llni.'llg.llj Ua. j3 _jJ_j3a3l (Jja t lg-ia (_}aLaVI jA jljlLall 
|(J!La (jjj^all jLl£ (JjL (ja l—SJjlxj dl^gJa .iaa iil3L3 ^dlLaLaall 
Ijjaj lillLl (jja-lLLjaa t4.3-ijn.il ^C.1 j5 lg lull 4jxJ (JllLijJalj^JI Jtll^J aIA LJLJJJU 


Ia^c.1 j5 j gjjl-inill 4 m L t—kj^xj]! I La ^)^Ljj) 4_iaAl ^I I^LIL Aaj 1^3 dllaJjax^aj 


^ ^j]| jyj|jail Vj3 4aja (ja ^Jaal] (_>al] C n~s 

(jl£ ILI t—Sjxj VJ t—l^-vVi Lac. 4_ia t_ijxj V (^L]| ^Jiiaja3l ^^A jjljJ^J LJUj*J 

.^Lla^Lma jl Ljjjc. jl£3 "(Jjaj L>° ^3^ t_kj^)xL]| I La jjl _j3j ^ ' ^j^ ■ 43 jki La 

_uliljl^jji3l ^lc. (,-ilji.>iljj3l ;(Jjj ^*^Ljj3I 
. jL^-ill 4_a3i3c. (^^Lc. l^ja (Jj-aa. j La LJLc. ^1 o^Lall ;Jjg> a t-JUa ^ijj Ui 
4ial jia dlLliJalj^)!] (_ 5 ^)i.l t_ajjlxj jj^Ja jja Jj 3i3a ^t_l3L!a3l I La C^Ij (jc- IjaxJjj) j)£3j 


XXI 


l" il u>>LjjH 
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^ic. lolio dj Qj£j (ji Vj .'dLall aAgJ 4A^LiLLa]| aLlI jjl-Vill ^-a 

ojiill ^3 (_J^iui La£ di-daL^ll qC. jjjjljII ^3 4Aiij ^L.a L>° 4j La] ^^daLl^ll J -0 -^ 

4-ajUll 


© 


4 q uLAAll (j—a j*^]| OJ-laj (j-C. iL-g-Ls dajt 4ihL mil dl^-Sall ^-3 oj—a jj-a j_j£i \.~ 1 I i.\.^>.*' 
(j-C.j 4d Jiixj c^AJI ^JL*Jl jj-C. jj lai,Ml ^ dbj ^AJ-aj^ dljdalj j )]| t j;jj.>»lj^)]|j 

.4 Ia-n. ai 

tdalA IjjJ L_L*Jjj tdu*J (dAAdj_all jl ) LLaill jjLs i j-l£Vl jJL*Al jj-C. ivja.jj (j£lj 

4_uj|jJ ^gj ojjjS dld-Luia 4_Lj]a ojliilj djillAjaill oAA duA3 A3j -C5 -iLjdjVl AaLdill ^3 
^g.3 4 g, naj La _j» >.-~i.a (J£d jA ^i^a-illj _ 4alida]| l^c.|^jjljj ^)A Ijlill (JjLgAl ^^jjll 

jjjlLjj 4, j^jq-sll ojlj.j.all j_aj ^^.A 4 lalll ajU-Jla _ 4 qjJ-ajll ( ^S 4_jc. jl Jg la-all 

AJ3j _ oj ji^ll 4jjLuil] £■Aj-aj jA L-Jjllllj t4_idajVI e^£ll jl ^3s\\ o^S jd jA (Jalall 
liLlA AAldaVL _aLa]| (_3 j 3 'ojjldallj (jjljj]| 4I£jda (J^. ^3 ^jjbmll ^iLaj elil Ac.Ljj 

4_iiA3 4_£^^. 4jl_uia (J-^. jl (jAajjilIj (JjJall Jaj Arsl 4 Vulllj 4 ni -mil £-3jas 4_3^)a_a jjLA 
l*1.vs ^ Vi II 4 .alVli ( _ S -Ac. ( _ s -iia AjA^. ^ j-i jj-a j_aj Al_aj) !■_ 'Alan t4jjilui]| Jj3 £3 Aa 1| 
jlddall <_)d_5^aAl l g lA-aj villa j\\ ^g.3 4-ji. Anil jjj^jj Ljujii ^ 4 jI Aull jadUJ 

(JjLa t—ijju _ ^aA ^yic.j jjj’slallj o^Lillj ^jj^jJaLj^ll 4u>^*v'i >>n dliLiJ^jaill jja jjill l4Aj 


4 j ■ >*1 j jii ^iLaillj dlLL4^all o4A 
4^jl_uLa dll iLaC- ^r~i ~'~ia 4_iull ^a (Jc.lijj dlj^lj i_j$ J 4 jjdLall 4dlj jjill d^ljJ_jaill Lgdl 
^LLa f, jJj dildj-all oA^J 4_9^lgJlj 4_lLii]| j i„<-il i» II ^jjj ^4 j-yll (■'‘ill’ll^11 l—dlgAI liljLall 
IjIaIj jl !-»» da ^Uia jl U(jj^ ^ J>^»1 i» II oAA j dllijl^ll oAA ^^3 g.1 daC- VI 
© _ Ajt-nJall ^)Al^la A,-n.^i 
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i_il3A3lU A q AolaC. jl jLIj a£^)^ jjj (J jl]| (j£aj j£3j . . ..(_£_)i.l A_il jl 

^a.'l'S.LL >aall Aalafc ^33 ' A 3-iJmlll ^ >aall A-lLaC- (ja jjX } Jaaajl lA JJ C. j e^)jLia]l 

(Jj'v’itMj jl l. m.j.f'ij .*1 jq3».~i\' A_Jlc. Ajj>>»c. A_ilac. ^3 LiLiJI (jJJ^Laj dL/Ljaall (JLllia 

jo j»«-al x a dulS La^a A j >>»ljj oLI (_jL l^L-aj 

(jjjj3a]| (■_ I'v’lj C_1 jLl]j (J£Lj j ( (j^_lj jjJallj Llajall j\3 3a~sll (jm-\lj (j^]j 

A£^^ jl iiU.3 (Jili. (j,a (jjUJJ ^U'S > ^gjJaLj t- 3jaj (_^l Jj ej^lll jj3 1-^(ja 
o3A (Jlia <■ Jl dljl£j3 JjLa. 33j » (JJJ33 (_g3l ■ au3l j3jj1 A_ilaj<J S».>iU ^^.aJl (jjl£3l 
^jkj Laj .A-^LLa uLulS ^uHill j£]j (j-Uia ^3J-aj (_g3 3jc. c1*a]| 3j (Jla) dll£^>^Jl 

A i^ll di\jjl£]| 3JC. ^ ij.>»»ll A£^aJ| ^iLai] laJauJ jlVl V] jA La i Ll »* ' (ja > (jaj Aj 
A » nJall3 (j^Jl ^)aVL Laj|3 (_jaj] La ojALla t c - ^^3^jaill _jl L^I jl (_$^y i3l]3 Ja 

t~~'l jl , LJc. L_1^. jj £31 j3l ^ L_u£jj]| e3Sjia3l A ijllj tl3^. A 1-J.ila Lij A Lii-n. all 

(jaJ (jl 3£ja]| Ja (j^]j .a^Aliall l_L-aj ^3 liuu I 3-aJx j.)J ^3_jaJ ^gjj (J^aa^jl] A_Jljja 

a -vil <11 ijlilaiLiJl ^3 A331I a_1sj ^33j i—i £ j (j3j uliLUji^JI <3 ■■■ 

C_llj^Jl (jl I (Jjij ?^alj]| c“lljJ.>»ljj3l£ oJ^i-a o^La La ; (JLjjJ jpi3 Ijji.lj 

(_gj*J La ojAlia t—L-aj jl lj^)Sij IjJ I gal q.a IjlA ^3j IA >aqi ^^3 jp»^J 

33 3^.1 j3l ^3J^ij]| (jl J )&I ^-sU-a _jA La (j^3j .(j^*- 0 J-aj c3^J l-^3J j )^J 

Je. (_gA jjL^)^ oj| 3 ^3 jLu jjja o^)AUa3 lAql’i-s/i jAljia t_L-aj] ^L-<aJ 
a3^lj A-laJal jj Ll3Le_xj (jlL Jl Aj^a o j3 jjjL ^"'-^1 ->■ ■'->• ; Aiii^aj “LajlLa 

'»Jl jp»£j IjAj .AjjIjII Ajj^a 3| jpi A_udjL^lLa]|j A ii-iA.ll 4_iLjalij]| Aj3l*^a]lj i_S^)xj 
l(.-'lj>>»ljj3l (jjj3 3^.1 (J2kj 3xJ (jl (j^-aJ (_^3]| ( 3 jj> 1II ^ >a\ >aVI 

A_ujIj 3 ^^.3 A -vl* Z^j^jJa (JJLaJ A j , >>1 JjH ^3l a'ill jl l_A3LLa A-alc. A -vjTi (Jj^aj |3^J 
AiaLL (jj^ll AjLJjJa J~\ ui (_ s -lc. (ja A3jj JajLa (ja (ja L3 j A »jj3-ill ^)Al_jJa 

XXI_jjjall j CaLaaLjll 
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lllXAm J1S3 ? LaC. ^3 (_£jj Ja | aL^ll tllli AiiLa ailiai tlllLja 

jpo l^-J gJIA JJ LS^J i ^ \j-a> lg-li La Aj^)laJ Jjjlj LajJ Clllj*>il-j^]l jllual 

Vjl IjlA jjc. c_ll^^Jl jllaj CF®J "&jW*-^l aiA lg-3 dl^^Ja .33 j t(_)j3 

j)l iLLa ^tjJalj]| (j*3 | djLjjJalj j )]| (Jl a-\ 11 lg-l3 (jLo^Jl jjjlall ^^lll (j^jill (jjajt-lj 
dlljljjc.'^l a La _4-LoiAlA dlljljjc.1 A jll£Lli]l (j^iill (J£j (jiiillj ojLaJtJlj (."l^lll 

till jjjIj IjL-ajj (."ijv) i 

o^)AUal! Cljl£ ^aJ^I &AA ^aAl ^<aj jLajU jjjt-udll 

ji ^ Si a jag a ja A ^-uLu l ; ,^A 4 u^nll oJIA jL-u-a ^.wl c4_i_A Sll A u *n \Ij 
4 Uxi ill ^A l_jI JS -^1 Aj-uul] jl±L*.l (JjJaSl ^A LaS 

J ^A <JaLoUJ ? A a^A ^A LaS # ^iAill ^A ^Lill (JJaluiAlIj aSI 

. JUI * jjl JJ jjSVI *jjl ^ j&i\ *jjl JJ Jill ^ 

*Lg_J3 J (jjjllJ 4_^jlill 

I^^A <_Luull o^A 

45-1 


a 




0 + b 

4_uAiSl <Ltwu]| 


X = 


« 0.61 ... 


L^ljj tllsVj 4jtJjJa]| ^3 ajjj£ (j^Lai C5^ *—^ Uu ill oi& 4_L<u-al jps 

ojlij j»J jjg all I (JLLij (jl iLLa t_ij^)a-a]l jpa - (jjjl~^ ill j (jjjlli]l (JLaC-l IjjAji 


© 


tll^ ^ >-lij]l (g3 .fl-vl' 
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2 a-v. jj <LaJaHall 4_UjjLaiJI <La^_ill i^ULSj ( 4 imill bLa (_}J_uil ^Ic. 

4_i±a-all (Jl£>jjVI <La^_ill bLa dulS .33 j .' gf*XA . >.1 A uaill bLa If*- (_£jj^j 

(jJgju (jl t 2jjjjC.l!ni]| <Ux-aa*il ljl*_ui 4_uaij di3jll ^ dlliLaj (jjjj jjC.llial] 

. (Ja^)ll ( _ s -lc. lg-ajjij (j& Ig-lili. (ja 4 jVill (j^^LuJ I_jjl£ lg-jLjaC.1 



A j 


jj-aJJ Ig 1»>J La>a ajiLaj BJJjS (_)^al ji. 4 ■a’N ill a3glj 
IaUIjJ) ^jAiai jjl lg-la ^j.u\ VilL Iajjc. ^jC. 

p a 3 c£^l ^*aVl 2 _^j3 i 1 A * 4_iuj|^)]l 

p^Vl ji jUaSVl -Llli jij 4 LJLal! Ujj 

4 jjaLII ^A b.3^.Ij Auaii lg_ajaiSj 



-3*jjj jjL^aC.VIj pj^all jjl (jgJJJ l“ ill ill IjJ^-lj 

4_ijaL]| A nmllj L_AulljjJ Lag 1 g aja» i (jc. 
^^-uansL jJjljjj] (JllLal jlg^ll jjjjliall (jl 2i.3j-a 

j <LajiaC. 2 jvM ■%. i |j^)» >a 33 (Jjjlijj jW "il (j£LLaj 
^^Jalaill |3A ^}-a dll_u3alj^)]| 


C-jUaSl .3^.1 (Jjig (ajaill 2_]|.3 j ^3 a.’ljj.all (JjLuiJ ( _ s -1c. 1-3 Jj) jUaVI ^3 l^gi-l 

;(.'‘lljt>»lj^)]| jj >■<-»» 11 Je. bjjj^II (JjlxJl .3^.1 AjjISjI(_£^> jA jAj dlUjJalj j )]| 

Jjjjajll 4-> l<iJ (_jill jj^uill (J!La dlL}jJalj^)]l ^^3 B^)g-a]l (jj3j2a_all ^XjSi ,3a]" 

<■ ^agl £cj 3 La IL] jjjjjiAAjjj t^u--illj 3l.3C.VI (JJJ (JjjS^ll J^lJjlL q^ISlJU ^SUuj, i j^allj 
."JLaaJL ljjx_ai tJLaJ »Laj]| I La _ljjiala IgJJjj (j^ 4 ^ V _jj-al 


XXI 


tjAJI z *" '1 n >il i jU 
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LaIg-J t—ijJE.1 (JLa^Jl A-al 1C. oJi^jLLa (_3^>ia (_ji dlL}jJalj j )]| (jJa^xJj ILa 

dlLul ^9 **aib-a]l AjAlj-^a9 C_UJJ jC.Lua]| (jl 33La Lr*'iil !^ 3 1 "J-allj jx >all (_jj)Lail£ 

AjV^Lt-a t _ 5 jJaLl j >]| 3-i3-iij Ll3L£ j . JLaJlj (jjVl (_jJ] (j^ (Jj 3 V j! 3hJ*-^ l. '.W~i 

bLLa Li. . 3 ^jj3Ij ^)3aljj]| Ln-s t^La^JI j^3j3^ (_£9Jj u' Lbj_jj^a3 t5^ j3j 

la^^L 3-ij.,'i jjji_ajj [djLi]!La]| i 1 ^2 (jjjl_$L]| dll& ja-v * [_yax J i^a^c. 
33la a.lla-aa3l 3j3 93 LaJ 3^1 Jj3l C 5 ^J C 5 ^ 

COS (A + B) = cos A cos B - sin A sin B 
cos (A-B) = cos A cos B + sin A sin B 

c-l^ji (_^Jiaj-a]| (jjijjJ (jjl ^^xJl jJUl Lgj3/Ln<a 3-ajj 3^1 dlV^lst-all oLa 

; jjjL jJLtll <_Jj 9 (_pi dlLaJjjlc. jllI aAu^aiS 

Ln{/\ xB)= LnA + LnB 
Ln(A + B)= LnA - LnB 

(Jib V i jjai^ia'I ^^9 t^)il AjUjjj 499 |jj tj’sLill ^2 jx >allj (JllLijJalj^)3l (jjj 4 _jLLu]| ILa 
yjx t_J3La (jl \ iKq \a£ La (_J£ ^^9 jAj t4ic. 4_faAl 

iLIILSj 3 **■ j^)3-‘^\l <ULuia 3I ^ '. ' <lLi-a jj-iULaJ 3° yl Lajjj (.“ \\ j. >>1 i jil 4_1 jIj t“unj\ 

jjLt-a] i a^lc. i 3^^ Lajjj ^-L3 j ^"'..'3 dlLa3£3l Ljajl Lig9 jx tall 4 imilL j^sVI 

! 4_a]iia jjl*_a] 3- a 3' i3iLLa ** aKa ^joLLlI Ai-alLa t_i3jLlilj . aliij Lc. jA±a 

<1mu 3L 4_ijJajVI oj£3lj i ^-3il3 AnailU ^^.Ig-al] Anaillj jjiajll t^jLLa ^^9 

jj 4^LI^)13 jl ^ C5^' 33^3^ ^-f‘.»L3lj ^aVl lillLSj > Iji£aj ,,, 


(j9 
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^)Jid]| jyj 4-laaLaVI (jj^jsll Aa.1 Aaj (jl (j£-aJ LiAj .Ig-aaij ejAj)l] ji 
(gjLt-a (g3 jpi£j (JjVl 4-lj» >.-i dul£ lili _ dulaJI j» >allj (bLLa (glALaJI) 

| A3 ^jlLall dlLal£]l j^aj (jS jpi£j (g-iLill A ’j» ■ (jjj » (_jalill A3 ^jlLall ^t. dll aISJI 

"^cldll i_llki lx ..all " 4-Lal*Jl Ailllj Ale. ^JJXJ La ILa j 
(g3 j» >all (JLa^. iS^y Li£ lili .LaLaJ ^jjjc. dlLldalj j )ll jjJ (jli ^3j>a (g3 Lai 

h^»V Lij.^ic. (_Jj 3 (jjjij dx3 .(JLaaJI (gi dll-daL^]! 4jjj (j^aJ LigJ dllu>»lj^ll 
(Jliijlj (J^Ja]| Lj jl *a'Ix 4 LL-.a^a ^jLiji i ** v *1 .* ILI 4_il i (_}aAlisl blaLA (jx^j 4 dl^j^C.LuS 

■ al -a->-]| j ^gjUaiill (gA 4 jiLlfc^a dllsLoaa ^cJJJ l_g_ll_3 V/£ j Y/Y - j l/Y j^aaSJ] 4 id 'lx 
L>a LH^ (j- 4 j^ 3 (AjSsI jSlI) 4*J.Wll (g3j>adolj 4 t>ig ill jt^-iC. (g3j .(gtLl^lIj 
£-Ldil (jx ^c.^)]Ijj .LaAjJC.j dljl£jJj ^>1 j£ (JLa (jjjdaLj is.ll.laJI A-i^jJaill (gj| IjSldai 

.1 <ag 111 jjSjj (_>dalc. i_$^y a IojI^J (jUaJJ^a 1 -ag ij V) (g'^Ua^all j dlLldalj^]| (jjj 

ja >aj V (JA*J 1. iLmaJI (g3 t. LI'S .a (jj^aj (gA (gii-laajdl " dd-aa]| lilA (g3 jlnJuV (Jli 13 j 
.l$-i3 (_£jLaJ V A Alla. (gLuaijail] t jjjj.>ilj^)]| L_la. jjjfLi ‘Lllis . " ll.lc.VI ^-a (JjIlUllj 




C_llVI La£ Idia. I (Jj■ y-Sf I ^j£iil] blAa.j 4 AjUalaj 4-li3 d-v. y\\ <LAa^Ja dlLldalj^)]| (Jld 

(gic (J ji..-i^11j _4da J^AI ^lajjj (JLtaJl .’ll a'll ^gAj t <_Jl_i~>JI 4 jujj A^jaJI a j3 jglc. 

V (_$ill Jt-^i-kl-all (Ja.^]| _jA jj^lj I jj£3j]| jjx fgi jjai d V dllodalj^)]| J 
^gA LJ1 .a-all [dlLiljj*^ll jjJaxJ lillLSj ^gjldll (J^^)]li ^4.13 ^jljj 

JjLdi (jl (jj^ dll^aj dll^a Aili-all aisLill jpi jl^)i]| (JjLaL ^jLLa e j>a-\Hi _|jj£3j]| 

'_i J^3 jlill Lai ^^jiJl (gjj Ig La dlla.J jjl j (JJaa Ia jl (_J^a.l oisLi jpi lilli 

(jjJjdaS jjAl (jj-a (j^aLaJJ (g£ A >aq~l (j^alfij (jl (JjLaJ 4jli (g3 ^3j lili !(g^il lijj-aaJ 

XXI_ (jjiillj cijLijJalj^)]! 
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3 £-S (jLuiiVl Lai. Ijl^Aj 393^1 (jjJJjJaS < 33 ^ HI® 

'j£&\ (Jili. (j-a <illij A_Liaj AjU-»aJ 3'° ^Lilll £* A_J3^Lll A_i3 3^3^ *1^4 -luil Ixjjjj 
<a3i*Jlj (jAlalaJl j C-lilllj ^HAlL (j^aLiJI (jloAJLallj t_ij3**ll 3*111 j 3^1il 


l^ii La£ AiL-aii 433^! 

I_jj» >✓» u^J 3$-^ l>° 3^VI (jJaLuoJl AjUjII (Jajj 3^ ^HHl ^^Ac. 

3 jJ A aq .all oAa 3^JJ U^ <■ Al^a . Aala 3^.! j „si\c. J jA; 39 ^ L>° V 

(jajta-sllj lAli l^HAll lal-la] 3 jjal >>*11 031*11 <-lul£j?l g 11 i ^k SjLjii. eLWi 3 I 


?3 A *-ll LaS ^j'in^'N.ll 3^Aj <-_l3*9 j’.'j i^'N. 11 j |3j |A|^ 1. LlHI ~g*ilJ ‘ fl3*9 


.C-JJ33III 3 jjL 3 & A ISAi-all eilA ^HAll (Ja. LaJjj ^ulill ^Aa» .al 1—333** 3 ^-H 3I aAjC -1 
.(JaJI A IvL cJjauj 3L JjiAll IAa 3^9 Ajll 3JS9IJI (Jj-aJ (3HI 03*!! Lai 

33 -ill 333 c. 3 I 9939 39 ^ 39339 *-^ 39 ^- 33 ^ 3 *^ l£l> tSA-^ 3*11 a 3 \ >>* 31*11 ilIUaj 


dillall ^-jjllj aIHAII ^IjjVl 3*1 3 ^ l 99 -^ Lh 1 3 ^V £-*19 ^ 4 - 13 I 3 l-ag.n-sjJ 3 -a 

.Iji^Aj ... IaiAju 3^1 3 - 1 VI 33^9 ^ ‘(L}Hj 31 j) 3 jjc- 
(_jA aAL**1| oAa ? 3 J < sqlll ( _ s -lc. AA 3.99 3 >m^.j 3 ! < 13*11 ^jJalLuiJ i_S jS ^gA aALuiaII 3^3J 

Ajj^iaj 3 j^£sj aJj-alAj i_ya *J 3 b? ^ 3 !^ 3 ^ 3^3-^ (_$! 3 j .^d 3 ^ 3 ^ 

i—laa. < 3d3^^11 ^AuulL 3 >i < S» II 39^ C5^ ! c-LxaAl Jajll A^jj La£ A_ijac.j A-Ut-nJa 

iji c_i 3 iiuii y <iiiLi. 3 j < sq~i\i 3 * 1 — 1 J 33 IIJ JjjAIi 31*11 Ljiiiij IaL^jI <L3LiA 3 ^ 3999 


,3jj'‘^»lj3ll oLiijl La Jjl 3iL**ll oLa 3-L> 31 lia 3 & 


© 



♦ AA 
♦4JLII 



^l^Lij^ 31 (J. Silvester) 3 laaiLa 31AII 4^3^311 ^-Laj L9^- ia l9j^' 3^*9 lS ji 

3jiall 39 J AljLiLall dilaHjill A-jj-uAiA 033*^3 ^laju 13 -iV AL-aall 33^1^ 39^ b.ha Lil£* 
3^*Jj <> 13 * A*j 3 l Igl A ln^.a {jc. "o^iz. a1i*^J| 33 ^^ 3^ 3^ CS^ 3^9 ;33^93‘^ 


© 
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^^AUji^allj J* dll Ax-l^VI Ajjjjj (L^jaj ^h’i I .a (JLaJ (ji 

(jjj lAljlLLa jja-aj \ g La Aj^Li (j£3 liljlLLa j~La.a A^jaj Lia^Lia - dlLljJalj^)]| j dlaillj 
a jli (jl jj^aJ Ali^JaH oAg-lj .jjJjaVI (jiliVI (jJJ _>aJ jja-a Ig-La (jjjjl (Jfi 

Alllall (_>“jj^lj B_ja_j]| L& jSt >a (jJJ A L.-»l^]| djLajlLuwJI (jl iLLa L>-\V .(_)Aa^)*Jlj 
|A& (JlLaJ liLa .Ixaaa All^aall (j^isll (JSj LbjljJC.1 (j£^aJ aAa! j AJaii ^3 ^glili 

^j^3l jjL La dl3_jll (j^i (_£a! (_>“J I j'Li.qLi. (Jjli ?(jj£L (jl (.. laj liLa jl ? ^£^a]| 

[lillj ^3 

ASJ^jlaJ jjJJJ (jl Igjlc. (.. '-yi3 lj9 (jj£j (jl djljjJalj^l dlAljl lij aA3J La A*J j£] j 
JJ^VI Jj-aixJl _jA La3 A L.aa eladVI (J» >1 (^Lll Jj-aLiall (j>»» j c^lllial Lg_j| Ajc. jjJa j^a 
^Aj te^jlAll (JlLail (Jjjxm Jc. LiAal jla J(_ 3 !LL=>Jl (JjVill j (Jj-Llll Ajj ?(jill Iaa ^ 1 auLai 
Aa] ^AjjaAi^Jl t“'l»a |jLa _ f_y ajljC. IgJ j)l£ LaJjj ^ ^ r ~ ^11^ jLuoJI (Ja^)] A Ualllj 

dAtLlaillj jLijVlj jLlasVl <—iiLaaajlj 3-aj j»a l\l (J’sdll |AA AjIjVI A njYlg ll d 1<aa j 


l a, J Li ;■<■ ^ll (jjj AxaLuJI A n.iill^ I ^ 7-^)1 ^ ^ I ^ W1 > <La^ua^)-a]| dllaL>*-all^ dlLaiLaall^ 

Li’aill J£j l"\\ ala’ll,i^ill (J£ S^jIaII (J^ja i_il Aj IiAUa jpa AjljI ^Jl (Jl ;AII jUa A3j ^jLiall 

(3la (Jail£lLa !^g m.11A elia j»Lal lij lijj 4L_lLlaaiU ^jL-ylll Aj^>liij]| Jila. jpi ^ jLa.all ^^3 

(jjajj^jl^il (jjilaaj]| ^>J^I 3J^a-aj L Aj lili lillLj t. Vi^J ^]j <al3!ul jpi 

(jjjlA (_5 Jj 31 "»Li^ 3?^ 'Ll ^-a V lift j tAjlg-£UI 

jI£jjVI l^-J L_bil]| ^jLi (Jj Aa Ajc. 4 _ 5 jJalj j }]| i—ill -( JjlLjia]| jl jt>»lall (jjllaai]l 

A i a, Li A A^)a_a Vj J& La iLlli <_)£ 3 ^ LlidaS jpi jSilij _(_jjA]| (ja iSjj (_ 3 J^)Ja]| (jjiliu AjAaJI 

A 1 \ _^ \ A I L II 1\ 

S jA Laj AAc.^)j£i Aajj jAlJljajJl JHa. jpi (JoaLlI (j3 la-dalj AjSjAjj ^)al Vlaa Aali] 
3 ^ -^Aj ... il|A*J Ajli AlAcVl Ajumii aJI Ljjij Ll^'i bllla dualj IaJ 
t^iila SAe-Loiaj j^ 3 JaL'l (jljjA^AjV" > * Y > * (jj-aiS Aa^)aj]| I * * 

XXI_ 
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jjjLa (^11 <_Jjaaj ... j^lj j£l alacl l*a,1 La 4_uiij iKjta 4 aac.Luaa jjaj _jl 

a^)5Lla jja ^gS j jj| j t —^-1 jai |4j-a j3a V jill (Jl juill ^jljAuifl jjJj ji 

jill 'ej£all <>aA .Ljlg-j IgJ jaJ ■AJ3>ji3-a\t alac.Vl L-JLila jlj ij&) aac. la.jJ V Ai) ^1 
<vl jj jjt.-»»ll ja ^Ic. SjJjSlI (JjlaJl all jia. Ig l-a^wl (Jiia]| jjaLa ^3 4_il (IjgJi 
.lg-la Lljg jmj j*allj]| j£^J V ajLiS 4. UC. Vij jjj£ p lai. ^ 3Vij 3-iJmJI jg li-all laA 
liJiLa i1iL}£jAj]| ^Ja*.a JaiLmli j l^a j*j jill ■A.J i\ m^ll illLiLaallj jjj| jail ^Ja«.a JaiLm! LiA 
j-a (Jai (."uajl 4_ia.jjll alac.VI Lc.ja-s.a jl LULa jjjjj c“n*s 4 (J£ll j^s jit t.-»i a jail 

IjUjj jail LJ-glLllI j»jg qa ja Ujjjal aa jj£j lag-ij . 4 j»jil-»ll alac.VI jiaa. Lc-j-a^-a 

(_jSJj . 0 J^j-aJ jl 4l)-i->LLa j£aJ V (Jlc.. <llljlg-iLlll (Jlc. jA 4_lj)C.j ajla. jJlc. ^1 
cilia j Lllja *—*ijsull ^Ualmj (Jj-yillj j3 ja LlijSLaJj iaall jmal 

(jl *■. liA j£lj /Lialaiallj llllaLilLaVI ^ '/'.'■* a&lj5 jl£jj| (jLla ja 

Laualall LaLaall jSalilj .lic.aaj (jl j£aJ 4 4 j jit-i jill 4 (JL*JI (jl J] 4_iiii 

jl <—iLjuJ LljLaa jl Llljlall e jisll oaA a*-l jjjj aSa . 4_la \ • • * (ja jj£I dlala jill 
Aju\j Je. Jcilia (JjlLa j£lj 4^,'tf.a dlla 4i“uajl jLall oiA j^OaJ 
Jl C. (."'I j.a,Vlg.llj ajJl t^ljxi La u q-Lb I g KjA a <ll-s jl julij jl na-sll ^3 j£j (J 
.aAii^JI diLoiAi^JI a^-J A 3-i/i^a (_g^i.l dllaLjaa a J^-J lI^J I.iiIc. Lai j] ^-U^ai j 4_palaVI 



j l a« ll iLlla fil -vl -a. i jj i ll ja j ■ nc. (_jl ja 4-ijjj L “'l j 1 ^**1 j jll La Lie. diil£ aal 
ala (_J jjdj]| (Jjuaij LiajJI eLi^JI ^ L-alA alal (Laac. 4 LjaL^aliaVlj 4-ic.LaJ^.VI 

V jaL J .aaSlaJL j judjll (jalaJI t5 lc. ^IIJC- La Lajj astll e^j^a dulS aal 

A*-a5 Iajjj | (JLuj (Jj! AJuLll! ^jJi 
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jjt-jjuj (jill ?j|jlia La |(Jljaa]| (JlaaJ a.i*J jii 4julj jj^Ja ja AjV jl^S Jl_iljiJl 
JiLl la'sll^ jljlAa La (Jljaa]| ^A^xJI^ ^ (Jljaall ja laAlS jt—4-la£ 

f 3 

.(cLVLa^VI *La.SN fit) ^tjjlt Jli (2^fttjilt 4aaA%]|) jlJjlall Jli (^jilt 

IaIj 3 J£ (Jj^ll La^J (."OW jLijJjS jLja. LlUal ^ t>il .all jjlll ja (Jj^l <- Laoa]l ^3 
jl aba. jlaaa [(jAla A} ^cjjUII l_ij*J lalua jl£j t JaaajJl (_l^.l ja IgJ jSC.j lgjbl£a]j 
jA <£j*a]| jlAla jfb ^1.J ! 4 . 'ttje.lt j^3 Vjl iilLii]| ^iLa]| ^1 (Ja^aJ ja3 | dl ja 
C_lj^. dulSj i laaajl aLalaJl (Jal*a ^3 jajJajll 4-lal^. lLul£ (Jj tlAJl^j (jLilll (.“iI*sLm 
( _ s -aL<Jl juall IjjAa -mil's tl jaaaill jl£j 4 jjj]l ja *-**'V^>.\.xa ^Ic. i jailiVt jJJ jajjaaa 


| ‘ L') ^-^Luiall 


i ^SAall i Aclaall i 4jaJjk]| t A jaiaalU 4jjanJl dlil^.j]| < _ S J] 


ja la-A t4jt_nla]| jAl jla ^3 ja jlaaiVI j^a tlblu^abjlL ^Hala i ^Ltll jl£ Ijjj 


Aaj <LAi]| jaj^j £a i jilaal jaaaJI ja jlaalVI 4-Aba l" ll^a C n~s tjjjll Jj>«-»& 
sjUaJI £tJjljaaa]| jaaac. ^3 4jjjLaJalt <1 (Ja-b ^aj ^1 Lg_jLa t.ic.j]|j jjallj <■"lU-ij-sall 
Bja jaJXJ jlaajVI jAlgJ .4‘ijl'stl Bjaaallj Ajjjjll dilc. janall j AajjjJ^lVI dllluiLaJtj 

LllVKlI j-11 4AljIa jaaVij t Ac. 4 jAij Ax La3 ^llc. Jl_i jiJlj j-> mil ja ^llc. ^3 (jjkl 

. 0 A J^-J Jc. ^4x.jaaJ jl^ LlajjJj ^^jJaali 4j£jjl£ja]| 

_ii]]i Je. (Jlla JJ^] i ianajlall jaaJjVI J=^lt CS^ 3 ^ (jl^ 4 Lijl^L ^ jJI La 

^alc. ^jaliaajj^Ja ^itjj ^ La j>i» J £a lillj JjUaJJ jl j^lll 4_ljiaa jaj 

bULa 4.aDaa AjL^aaS. jiLaVl J) jIa^JI aJS j^La ^ Wll \ jai ]jk t_ijaalial] pVt" > 
t jl liLa V ( AjjSj A ale, ^taaajj jl All L_l^.i jaLl . <vL}SiVI jl » >^»Lj jLLl 

ajla aa]L I jAaali jl ^a, lij ii]]L] . a^La]| jc. ja£jj^ii 4jij|jj 4_iij J-ajVI o.lg lie. 

_LaJ^ LiA j^aaJ LgLlj X-al 4 jjjjiaJI a^la aall dlA^j t A] j i (JaLillj j^allj jjjuillj 


XXI 
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jps _Jj£ll L_i£jJj a-iLall JJJ^II lij |4jjm]| ^)Ja (Jc. Ja Aiaijlsll AaJ AjLJ 
J-aall jjjjJj luaW ^jj jpi i_ij/l ejic. lilliA (jl t—i^jsu jjl !■_ '>JJ . ,.(_JVI 
" _ ^jjll'q ij (jjlJ; (Jj/I (Jc. ji L 'l* J' (jj)>uJ dliija-a j)A jLlAa 1.3.3c. 
djljjl jjjlai jlvil jjL _J9| " jllJI !■_ iK (jl£jai j)A jjjLuill ^L^a "(jj.ia.La. 
LaLali (jj^La. ^3 i_ijjiall L_llJ "liLoiaj £ic. jjj/ " _ "(^a. 39 d-v - ! Ajjsll <vV jA Ja ■ .'Ij 
Sistill (jj-a jlalla J (J Jj VI l. 1>J l—lla*jl (ji Jj AiLiaVL . ^-uiajl JJ m (^9 

iliiJj . (_Jjll jja (jJlLall JjL jjt.a9 jps ^jaIjVI Jj (jjlll (Jl xa^jl 


■ fC *"' T~ *' J^ ^1 jjjiiJJ 

jl^9lj A,l*ijml dljJlj (Jl ^jill La (Jc.^ ^Liaj _Jll lo^jljjilj (jj (Jjlll l—Lujall JjA 
Ac-jjoij (jj jJLall^^JllI (Jj Jaju Aic. A_ii9.3ll A_iiljiill Jlj.3ll ^ lgl«9 (Jaijl . Alg >u 
-3j^.j iic. Ailli Ac.JjaJj lj.3*J la’ll . (JliJ/ d a'L»^ Ijjji Ujliicl j ^ajlji (jjj£i 

Jja i A_La£l jll IgjJaC. ^>JC. jjll Lta. jljjilj Aljj La _j*iilj t^jjfuiljail JjLaJlj Aiull 
_Cjl*^ai^a]| J IgJjjlll Ujjia dlljiui l”I-nII-sI Jill i JUllI j (^jaVIj (^aLill JaLlajll 
A_9 ^ilalkjii jjill Ji J * '~‘ r ~ a! jUal j A ual La aiiia. ' jljjilj Jj ^ jjll ^liaj 

AlljLluSlj AjlclJi.1 J'l-a.~Ui.il (jmai Jjlj ^ajLuiJ jjLdVI (Jaj »J (jl (jLdj/l 

^jjl (_>u^)C. (JjLd (jl ^jJI I Jc. _ (»VVIj p _^-<a-lil jpi S/.iJ ^JtiLallj Jill 4_lll (J-a-kll 
Jj Jill (J-a^l 5jijLa A^Jc. JlAjl^a. !■_ Jll Jl l ljl->j i lillj ^jc. A_Lalall 
(_JajJ (^Lll (jl^ll (j-alall jIJI IaIjjlj jjj <vl£Lll \ g Xf^»q~ 1 J V (Jll JJALaJlj L_ljllall 
A£^a_a J A il.aj sljl idljjJaljJI L-^aji„<-iij i Jill £iJj-al ^39 _ Jill IllA 

Ia^)£ jL-a J A-jj^ Jlc.j Jd jJjJI ji JlLaAl Asu ^lj Jj^ajll <vlljll pjLl 

■lij 4-l^J (J Jj i Jjii _J^-9 Laic. LlC.La^. jlSji ^ill 111 i a!£ Jill ^jJ 

. .1 1 \ 


© 


a^jjl A xlS 
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4_i3 4a4 V (34La-i] <-Cn^o 1.4a. £jxlj dlLljJaLl^l (JLax (jl 4a4 j»4£i Lax 
La (JjJaSl LaJjj _ \ g 1 C. I^lxx lij^jxj ^^sjLi (jl <- mxxail (jx £ 1 >✓»! 43 j jLa.Ax dlLljJaLl^l 

- , '(jjOjJalj^)]| 4_j ^»j 34 La (JS (JllLuxalj j >]| M (jl _jA (Jjkj 
dl3j]| |4A (J£ ^ (jxlL^.LJl (jx ^A J4C.j (j ; UjJalj j )]| 4~tL.^»x ^A La (JjLx (jLxJ 3 

(jx .‘nVui.n (jx ^a.1 jA j&uJI (jl 4 Ui-ljlj 4 Lijl L-a j>^tnj t—iLLuSiU 4g>llj 

(jx 4*41 C-iIaLII (j*Sxjj ? ^(JjLj^jxJI^ (_g jI'nIIj <vLgxj|j (j^jjxJ^I 4_ix] (jx I*4 j ajlSjjl 
(JjLxx] A^jLixll (JjLxx]| (j C. LxaJ ■ ■^■n. j djLLa.VI (jx jj'^I 4 ;L all 4 ■>.'-s. II La |(J| mil 
^A Laj ? IAjjc.j 4l4c.j?l (JjLxxj dlliLxx]|j (jj^]L 4ilxlxil (JjLxxIIj ^_ill _j_^4c. 
4aLju^xll 4_jLa4x]| jl 4 _JIjx]| 4l4c.Vl cjAj ?b^Jx 4-jLa4x]| jl 4_JLLa]| 4l4c.Vl (jx a4jli]| 
4x]jj La £4-4aj ILLals a4jli (_^l IgJ (j£j lijj ?^)Ldj]| aLia. ^ Ij4i£ Ijj 4 *•. w.Vim l^)i.jx 
^*J (jVj 4 _iLxx IgxV 44La.j/l (jj^4 43 ?|La £ii]| j»4c. (Jjx 4 lj>»ll 4. Uj.hI_^ aJl 
! 1(J^J] (Jj-a jj]| Ajc. 4 jl1x]Ij j* >uij 4j (_g,'lie'll jjl 4j^}j 4a4 V) jA La 4-jl->'ixll 4l4c.Vl 

_C_jjll]| (_jnaj ^^3 4. U.OJ (4llLljJalj^)]| ^Jaxxj 

(jl (j£xj j? jLxjVI (jl (_5^ c ' (jlfc^jS 4 dlLuxaLj^ll jA (_gill 4 <vljj]| jLxjVI 44 jx 43 j 
4g>llj dl3 j\\ (jx LJLL Uxj £344j ^ jUalLxjU 4. 1^».x j^3 _ a4a.j _)f^l L)*0*.i 

(jjill (Jj 3 j (jj^a.VI (_Jj3 lA^JaJj 4_ic.|jli.j/l 4j j3 j j 4 ;j 411 <■%. jaAjxaJ Lac. 4xLa.j 4aj 
(jc. ^l34]| ^^3 Jill (jl (j£xj La (jxia.1 |4A LaJjj _ jA (J*3j| La£ Ia IjlaVn (jl ; -.g ~' < ^<aj 
; ( _ s JLiJI JjLxjlU a^j^Ajls 4>*\ll a4^j £4434 (jx 4a.j iLjj _ (■'*'ljj.>»l4^)]| (jc.j ^alaJl 

ILLaj ? l-g-^ 4 J-aj>xj\I 4^.j (^ 5 -lc. j4ALxaJI IgJ (jux-tTi ( _ 5 4]| ^As\\ oj£ 4xaJ (jx o^jlill La 
(JS (jj34 <_54 ^Ij l-g-5 a4_jjxa^)x]| 4Ljlia]| ^ILixll kilti (JjlLaJ 4 _ijjxj1] 44*111 o 4A dlx43 

JJ-^S (JjLauS C_ll^aj| iiljlil ??JJ■ xaJ 
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